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THE INFLUENCE OF THE NERVOUS SYSTEM ON 
GLYCAEMIA AND GLYCOSURIA. By J. MELLANBY. 


(From the Physiological Laboratory, St Thomas’s Hospital, London.) 


In a paper by Mellanby and Box) on the relation of sugar excretion 
to diet in diabetes mellitus the hypothesis was put forward that in this 
disease the muscles constitute the weak link in the chain of carbo- 
hydrate metabolism. On this hypothesis the muscles are unable to 
synthesise the inogen complex at a rate commensurate with their 
expenditure of energy from dextrose present in the blood at a concen- 
tration of -2 per cent. There is therefore a call for more sugar in the 
blood. Hyperglycemia results and since the kidney is permeable to 
dextrose present in blood to a greater extent than · 2 per cent. the urine 


subsequently excreted contains sugar. This hypothesis demands as a 


corollary that the muscles should. constitute the active agents in 
mobilising the carbohydrate stores of the body, either through the 
agency of the nervous system, or by means of a chemical hormone. 
In order to test this hypothesis and to determine the factors responsible 


for the maintenance of the sugar content of blood, the experiments 


recorded in the following pages were performed. 

The majority of the experiments were done on cats either anæsthe- 
tised or decerebrated after preliminary anesthetisation. The urine 
was collected by means of a cannula tied directly into the bladder, and 
the times of secretion of measured quantities of urine (usually 2 c.c.) 
were observed. The amount of sugar in each sample of urine was 
determined by the method of Wood and Berry@) which consists of 


boiling -5.c. of urine with 25c.c. of a copper solution for 15 mins., | 


and estimating the amount of cuprous oxide thus produced by means 
of a ferric sulphate solution. 

The amount of sugar in the blood was determined by Benedict’s@) 
recent modification of the method introduced by Lewis and Benedict. 
The blood used in each estimation was collected directly from a cannula 
tied into the cardiac end of one carotid ‘oops 
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2 IJ. MELLANBY. 


The function of the lactate radicle in glycosuria. 

The obvious products of the metabolism of muscle are carbon di- 
oxide and lactic acid. ~The glycosuria which often accompanies 
asphyxia, especially that produced by carbon monoxide poisoning, 
suggested that the lactate radicle was the active agent in producing 
hyperglycemia and glycosuria. It may be remarked that lactic acid 
excreted into the blood as the result of muscular activity must be quickly 
neutralised. Therefore in order to obviate the hydrogen ion complica- 
tion sodium lactate was used in the experiments described. Lactic 
acid was used in a few experiments but apart from the concomitant 
dyspnea it had no action different from that produced by sodium 
lactate. 

A series of experiments were 33 carried out on anæsthetised 
animals in which the time taken to secrete each 2 Cc. 0. of urine was 
noted, and the amount of sugar contained in each sample of urine was 
determined. The following results were obtained in a typical experi- 
ment on a cat, anesthetised with ether throughout the whole of the 
experiment. The figures are recorded graphically on Fig. 1 which 
shows the rate of urine excretion, and the rate of sugar excretion. 


Time for Rate of of 
of * urine excretion sugar excretion 
2cc. urine % of sugar per hour hour 
20 mins. 18 6 o. o. 108 grms. 
30 1-9 4 076 
55 2-1 2-16 045 
10 c.c. of l p. o. sagt vein 
30 mins. 2-5 40. o. 100 grms. 
17 2-35 7 1645 
ee 2-26 7 158 
19 2˙1 6˙3 132 
17 1-96 7 137 
23 1-58 5˙2 082 
22 18 5-4 097 
30 1-8 4-0 072 


The graphic record appears to indicate that the injection of the 
lactate caused a large excretion of sugar. But the figures show that 
the amount of dextrose contained in the urine after the injection of 
the sodium lactate was approximately the same as that present before 
the injection of the salt and that the increased excretion of sugar was 
due to an augmentation in the rate of excretion of urine. In fact the 
lactate acted as a diuretic rather than as an agent augmenting the 
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sugar in the blood and so in the urine. Again it may be observed that 
before the injection of the lactate the small amount of urine excreted 
contained approximately 2 per cent. of sugar. This initial glycosuria 
was a constant phenomenon in all the experiments done under anss- 
thesia. It appeared reasonable to conclude that the initial glycosuria 
was due to the anesthetic or the operative procedure during the 
preliminary part of the es 
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Fig. 1. 
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The excretion of sugar in the urine of anesthetised animals. 

The post operative occurrence of sugar in the urine of human beings 
is a comparatively rare event. Delayed chloroform poisoning, one of 
the symptoms of which is the occurrence of dextrose in the urine, has 
been recognised for many years but the percentage of cases showing 
these symptoms is small. 

The fact that narcotics and anesthetics produce “Sco 
and glycosuria in animals has been described by many observers. 
Seelig«4) found that ether inhalation in dogs produces transient hyper- 
glycemia and glycosuria. Tuckett(5) found no evidence that inhibi- 
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4 J. MELLANBY. 


tion of the interhal secretion of the pancreas was a factor in the pro- 
duction of anesthetic glycosuria nor was it caused by a diminished 
consumption of sugar in the body. He considered that the essential 
cause of the glycosuria was the result of a rapid production of sugar 
not only from the glycogen of the liver but also from other sources of 
carbohydrate in the body, including fat. Ha wk () observed that post 
anesthetic glycosuria of dogs lasted from nine to twenty-three hours. 
This glycosuria he ascribed as due to the ether stimulating the formation 
of dextrose from glycogen. Ross d) produced glycosuria in dogs by 
the subcutaneous ihjection of morphine but the glycosuria was not so 
intense as that produced by ether. Shaffer and Hubbard e) observed 
a small increase in blood sugar during anesthesia which they regarded 
as due to a mild asphyxia. Macleod and Pearce, on the other 
hand, found that the quantity of sugar in the blood decreased during 
the first thirty minutes of etherisation and then returned to a normal 


6 mins. 2-65 
3-0 
3-75 
5 47 
5 49 
6 44 


The secretion continued at this rate for about two hours. At the end of that time the 
dog had secreted 75 c.c. of urine containing 4-2 grms. of dextrose. 


Ether (cat). 
1 hour 19 
8 mins. . 58 
22 4-5 
27 4-7 
39 5-8 
37 6-1 


Urethane (cat). Ether was administered for about five minutes to produce complete 
45 mins. 10-0 


30 12-5 

12 12:5 
6 70. 
4 4-5 
5 41 
6 7-0 


The experiment was continued for four hours during which time 32 c. c. of urine 
containing 2 grms. of dextrose were excreted. 


Morphine and ether (dog). 
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value in the majority of cases. A large number of experiments were 
done to determine the effect of anésthetics on glycosuria. In the 
experiments the following anesthetics were used: ether, chloroform, 
A. O. . mixture, urethane, luminal, and morphine with ether. In every 
case it was found that the urine when secreted contained dextrose. 
Chloroform depressed to a considerable degree the secretory activity 
of the kidney but the small quantity of urine secreted under this 
anesthetic contained a considerable quantity of dextrose. In view of 
the importance of anesthetics in experimental work, and the diuretic 
properties which have been assigned to dextrose, the above experi- 
ments are detailed to show the amount of sugar contained in * urine 
of antesthetised animals. 

In all the above experiments the urine was free from sugar before 
the administration of the anesthetic. The results illustrate the 
intense glycosuria produced in animals when experiments are carried 
out on them under the influence of anesthetics. 


The relative effects of anesthesia and operative procedure on glycemia 
and glycosuria. 

In the experiments quoted, fairly e ive operations were done 
immediately after complete anesthesia was attained. It appeared 
possible that the effects observed might be due to the operative proce- 
dure rather than to the anesthetic. To investigate this point a cat was 
anesthetised with ether for three hours and during that period blood 
was taken at observed times from 


The following figures give the 


experimental period. 
225 | 
“345 
(4) 3°75 ‘5 ) anesthetic combined with 


Three hours r the cat had been under the influence of the 
anesthetic only, 4 cannula was placed in the bladder through an 
abdominal incision, tracheotomy was performed, and the jugular vein 
was isolated. The blood sugars at the times (A) and (B) represent the 
combined effect of anzsthetic and operative procedure; those previous 
to the time (A) to anesthetic only. The results are shown graphically 


<ontent of the blood sugar during the 
(B) 4-75 6 operative procedure : 


6 J, MELLANBY, 
on Fig. 2. Two facts may be observed: (i) the blood sugar increased 


from +225 per cent. ten minutes after the beginning of the ether to 
-345 per cent. after three hours anesthesia and (ii) the blood sugar 
increased from -345 per cent. to -6 per cent. after an additional 1-75 
hours anesthetic combined with operative procedure. It was clear that 


whereas ether alone increased the blood sugar yet this effect was greatly 

augmented by concurrent operative procedures. ; 
The effect on the secretion of urine is shown in the following figures. 

One hour after the begin anesthetic 4 c. 0. of urine were 
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Percenta 


Anaesthetic and 


Operative procedures 
* 


Anaesthetic Only 


1 
10 100 180 225 
Time in vi 


Fig. 2. 


expressed from the bladder. This urine contained -7 per cent. of dextrose. 
During the next two hours no urine was secreted since ether was freely 
given in order to produce a maximum effect on the blood and deep 
anesthesia invariably stops the secretion of urine. Two hours after 
the insertion of a cannula into the bladder 4 c. c. of urine were secreted 
which contained 4-2 per cent. of dextrose. Apart from the fact that the 


: deep anesthesia prevented the secretion of urine these facts bear out 


those observed on the sugar content of the blood—anesthesia alone 


produces glycosuria but anesthesia combined with operative procedure 
produces a more intense glycosuria. 
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Glycosuria in decerebrate animals. 

The observation that anesthesia causes hyperglycemia and glyco- 
suria to a much less degree than anesthesia combined with operative 
procedures demanded that experiments should be extended to decere- 

brate animals. By this means it appeared feasible to differentiate 
between anesthetics and operative procedure in the production of 
glycosuria and to obtain an experimental method whereby the main 
problem could be investigated. Decerebration was effected by 
Langley'sdo) starch method. The animal was anesthetised with 
ether and a cannula tied into the cerebral end of one carotid artery. 
Ie. o. of a suspension of potato! starch in Ringer solution was quickly 
injected into this artery (the cannula having been previously filled with 
starch suspension). If the experiment were satisfactory the circulation 
to the cerebrum was occluded whilst the vaso-motor centre and the 
respiratory centre were unaffected as evidenced by the blood-pressure 
and respirations. In many cases the anesthetic was not given for 
more than fifteen minutes before complete decerebration was produced 


Cat, anewsthetised with ether until decerebration was produced by the injection of 
starch suspension into the cerebral end of the right carotid artery. No eye reflex after 
_ injection of starch. Respiration good, blood-pressure high. 


a 0% of Rate ofurine Rate of sugar 
Amount sugar in excretion excretion 
Interval of urine urine per hour per hour 
50 mins. 20. o. 8-2 2-4 0. 0. 0-29 grms. 
10 2 8-4 12 101 
15 2 9-1 8 73 
— 10 2 8-3 12 10 
10 2 8-4 2 1-01 
3 2 8-8 15 1-32 
12 2 8-9 10 89 
10 2 8 ·5 12 1-02 
10 2 8-0 12 96 
22 4 8-2 10-8 89 
21 4 8-7 11-4 99 
30 6 8˙2 12-0 98 
17 5 8-4 174 1-48 
22 4 8-6 10-9 94 
20 4 8˙2 120 98 
25 4 ‘8-8 9-6 84 
27 ee 9-1 8-9 81 
a) 4 9-4 13-4 93 
22 5 12-0 13-6 1-63 


1 In later experiments rice starch was used. The granules of rice starch are much 
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by the starch. After a successful injection the animal continued to 
secrete urine for the next eight hours and a complete experiment could 
be performed. After decerebration the animal’s temperature was main- 
tained by adequate warming. As a result of these experiments it was 
found that a decerebrate animal continued to excrete sugar in its 
urine in large quantities for considerable periods of time, and that whilst 
the glycosuria continued the blood contained large quantities of sugar. 
A typical experiment is described above to illustrate these facts. 
Every hour during the day the blood sugar was determined by 
taking 2 c. o. of blood from the central end of the right carotid artery, 
i.e. the cardiac end of the same carotid artery into the cerebral end of 
which the starch had been injected. By this means one carotid supply 
to the brain was left intact. The following figures give the percentage 
amount of dextrose in the blood at various intervals of time. The results 
are recorded graphically on Fig. 3. 


— 
t blood 
hrs. 46 
1-5 
2-5 62 
3˙5 7 
65 
5˙0 63 
6-0 83 
6-5 52 


Several facts may be observed in this experiment. The depressant 
effect of the anesthetic on the secretion of urine is well shown. During 
the first fifty minutes after the ether was discontinued only 2 c. c. of 
urine were secreted. During the remainder of the experiment urine was 
secreted at an average rate of 10c.c. per hour, 62 c. o. being collected 
in 5-5 hours. Throughout the whole of the experiment the urine con- 
tained a large amount of sugar which increased from 8 per cent. at the 
beginning to 12-0 per cent. at the end of the experiment. At the conclu- 
sion of the experiment the cat was killed by bleeding from the carotid 
artery. The amount of glycogen in the liver was then determined and 
found to weigh 1-6 grms., this, despite the fact that 5-5 grms. of dextrose 
had been excreted in the urine. 

The blood sugar of a normal cat is about 2 per cent. so that the 
short period of anesthesia and preliminary operation more than doubled 
its blood sugar (-4 per cent.). The experiment quoted on the relative 
effects of anesthesia and operative procedure on glycemia showed 
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that ether only for the same length of time augmented the blood sugar 
to -225 per cent. This result, also, emphasises the large effect played 
by operative procedures in augmenting the sugar content of blood. 
The maximum blood sugar (-7 per cent.) was obtained 3-5 hours after 
the start of the experiment, but even after 6 hours it retained a high 
level (-53 per cent.). 
The experimental results show that decerebration combined with 
| operative procedures produces precisely the same effects on glycemia 
and glycosuria as anesthetics and operative procedure. From this it 
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may be deduced that decerebration and ænesthesia produce similar 
effects on the organism. Now since decerebration removes the influence 
of the cerebrum from the control of the organism so it may be assumed 
that anesthetics produce a similar effect. In fact the experimental 
results indicate that anesthetic glycosuria is due to the removal of 
cerebral control from the metabolic processes of the body. This deduction 
is opposed to the assumption that anesthetics produce glycosuria by 
a direct tonic action on the liver whereby glycogen is excreted into the 
blood as dextrose, and glycosuria is the direct result of hyperglycemia. 
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The accuracy of the deduction is supported by experimental observa- 
tions on the effect of anesthetics on glycemia and rae in the 


spinal animal. 


Glycemia and glycosuria in the spinal animal. 

The experimental results recorded indicate that hyperglycemia 
and glycosuria produced by anesthesia or decerebration are the direct 
resultant of two forces acting on the organism: (i) the removal of the 
cerebrum from the metabolic control of the animal and (ii) operative 
procedure. The problem next investigated was the mechanism whereby 
operative procedures augmented glycemia and produced glycosuria. 
The solution of this problem was obtained from experiments on spinal 
animals. 

The term “spinal animal” denotes an animal in which the whole 
brain has been put out of action by the injection of starch into the 
cerebral blood vessels. Evidence that the animal has been “demedul- 
lated” may be obtained from the cessation of respiration and the gradual 
fall of blood-pressure to about 60 mm. Hg. The injection of 2 c. o. of 
starch suspension into the cerebral end of a carotid artery usually 
produces this effect in cats. Sometimes the experiment fails in which 
case the respirations may be spasmodic and useless as a means of 
oxygenating the blood, or the respiratory centre may cease to act but 
the blood-pressure remain high owing to the vaso-motor centre being 
unaffected. Only small quantities of urine are secreted after the 
vaso-motor centre has been destroyed but a fair secretion can usually 
be obtained by the intravenous injection of suitable diuretics after the 
inhibitory effect of the anesthetic on the kidneys has passed off. 
A spinal animal obtained by the starch method may be used for experi- 
ments of considerable duration provided adequate means are employed 
to keep the animal warm. The results of removing the entire brain 
from the control of an animal on the sugar contents of its blood and 
urine are shown in the following typical experiment. 

At the times denoted by 4, B, C, 0-5 grm. of sodium lactate was 


injected into the jugular vein to stimulate the secretion of urine. 


Sodium lactate was used as a diuretic since it may be assumed to be 
a product of normal metabolism. 

The figures for the amount of sugar in the blood show a progressive 
fall after the injection of the starch—a fall from -68 per cent. to · 18 per 
cent. at the conclusion of the experiment. Pari passu with this decline 
in the amount of sugar in the blood there was a fall in the amount of 
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Cat anesthetised with ether: Tracheotomy. Cannula placed into the cerebral and 
cardiac ends of the right carotid artery. 30 mins. after the commencement of the anes- 
thetic 2 0. o. of a starch suspension were injected into the cerebral end of the carotid artery. 
Respiration ceased and the respiration pump was at once connected to the trachea tube. 


The following: results were obtained: : 
Interval fn blood 
After 10 mins, ether 375 
0-25 hrs. after starch 68 
0-6 57 
1-6 4 
2˙6 3 (N) 
3-6 24 
46 -22 
70 ‘18 
Interval after ~ “ot 
4 2 hrs, 2 c.c. 4:5 
50 mins. 2 3-0 
B 30 2 1:3 
10 4˙5 0-53 
20 3-. 0˙3 
30 1 0 
0 15 L 0 
5 4 0 
15 2 0 
20 1 0 


sugar in the urine so that at the time (A) when the blood contained 
3 per cent. of dextrose the urine also contained -3 per cent. of sugar. 
After this time the urine excreted was free from sugar. 

These results differ from those observed on the decerebrate animal 
in which the blood sugar kept at a high level throughout the experiment 
and in which the urine excreted contained a large percentage of sugar. 
If allowance be made for the slow secretion of urine in the spinal animal 
it appears that when the excess of sugar in the blood due to the anxs- 
thetic and operative procedure has been excreted by the kidneys (or 
otherwise removed) then the urine becomes free from sugar. There is 
no, evidence that any additional sugar is excreted into the blood after 
the brain has been removed from the control of the animal, in fact later 
experiments show that the tissues of a spinal animal possess a consider- 
able capacity for removing sugar from the blood: The surmise that the 
blood sugar fell to a low level and the urine became free from sugar 
owing to the liver being freed from carbohydrate was disproved by the 
post-mortem estimation of glycogen in the liver which amounted to 
per cent. 
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Since sodium lactate was used as a diuretic in the experiments and 
since under the influence of the diuresis the urine became free from 
sugar it is evident that the hypothesis which served as a basis for the 
experimental work—namely that the lactate radicle produced by the 
metabolism of the muscles served as a hormone for the mobilisation of 
carbohydrate stores of the body—was wrong. 


The effect of ether on the excretion of sugar in the spinal animal. 

The observation that the urine of a spinal animal becomes sugar free 
after the initial hyperglycemia due to the anesthetic and operative 
procedure has been reduced by the sugar excreted in the urine served 
as an experimental basis for the proof that anesthetics do not produce 
hyperglycemia and glycosuria by a direct action on the liver. The 
following figures quoted from an experiment illustrate this fact. The 
figures showing the initial glycosuria (which at the outset amounted 
to 9-3 per cent. dextrose) are not included but only those obtained after 
the glycosuria had fallen to a low degree. 


200. 
10 migs. 1-56 
10 83 
10 83 
10 5 
At this time 25 p. c. of the air from the respiration pump was passed through a bottle 
containing ether. 
12 mins. 5 
16 5 
18 5 
18 38 


It may be observed that whereas the ether depressed the secretion 


of urine to some degree, yet there was no rise but a fall in the quantity 
of sugar excreted in the urine. 


The effect of augmented blood-pressure on the excretion of sugar 
by a spinal animal. 

A fundamental difference between a spinal animal and a decerebrate 
animal may be observed in the arterial blood-pressure. In the spinal 
cat the carotid blood-pressure may be 50 mm. Hg.; in the decerebrate 
cat 140 mm: Hg. It appeared possible that the continued glycosuria in 
the decerebrate cat compared with the transient glycosuria in the spinal 
cat might be dependent upon this blood-pressure difference. The effect 
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of pituitary extract on glycemia and glycosuria in a spinal cat was 
therefore investigated. 

A cat was anwsthetised with ether and 2c.c. of a starch suspension 
was injected into the cerebral end of the right carotid artery. Artificial 
respiration was maintained for the remainder of the experiment. 
Thirty minutes after the injection of the starch the arterial blood- 
pressure fell to 50 mm. Hg. One hour after the start of the experiment 
the blood contained -6 per cent. of dextrose and the urine 7-3 per cent. 
of dextrose. Two hours later the values obtained were -3 per cent. for 
blood and 2 per cent. for urine. After this time a small quantity of an 
extract of the post lobe of the pituitary was injected into the jugular 
vein every half hour. The first injection caused a considerable and 
prolonged rise of blood-pressure and a large secretion’ of urine. These 
effects were reproduced though tœ a continually diminishing degree by 
subsequent injections of pituitrin. The following figures show the 
rate urine was secreted and the quantity of sugar contained in it. 


of urine “tor 
or 
A 8c. o 5 mins. 11 ‘ 
5 5 8 
4 5 6 
Bs 


At the times A, B, C, 5 c. c. of a 1 in 20 pituitrin extract were injected 
into the jugular vein. The blood sugar at the conclusion of the experi- 
ment had fallen to -25 per cent. The figures show that although pituitary 
extract augments the blood-pressure to a considerable degree and pro- 
duces a free flow of urine yet it does not produce a concomitant glyco- 
suria. The experimental results indicate that the continued glycosuria 
of the decerebrate cat compared with the transient glycosuria of the 
spinal cat cannot be assigned to differences in arterial blood-pressure in 
the two animals. In this connection it is of interest to note that the 
glycosuria produced by piqfire has been explained on the assumption 
that puncture of the medulla puts out of action the vaso-constrictor 
centre and that the resultant vaso-dilatation of the blood vessels of 
the liver causes the breakdown of the glycogen into dextrose. This 
hypothesis is in direct opposition to the facts observed in cats in which 
the medulla (including the vaso-constrictor centre) has been put out of 
action by the injection of starch into the cerebral end of a carotid artery. 
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Discussion of results. 

The results recorded show that urine obtained experimentally from 
anwsthetised animals invariably contains dextrose, and that the blood 
of these animals shows a high hyperglycemia. The experimental 
analysis of these facts indicates that the hyperglycemia and the 
glycosuria are the direct result of two causes (a) removal of the cere- 
brum from the control of the animal and (b) afferent nerve stimulation 
by operative procedure. The removal of the cerebrum from the control 
of the animal either by experimental decerebration or by anzsthetics 
produces hyperglycemia and the secretion of sugar in the urine. On 
the other hand, if the whole of the brain is removed from the control 
of the animal, then, after the initial hyperglycemia due to the adminis- 
tration of the anxsthetic and the preliminary operative procedure has 
passed off, the urine subsequently excreted contains no dextrose. 
A spinal animal after the urine has been freed from sugar by the aid 
of an efficient diuretic, does not become glycosuric when anzsthetics 
are administered to it nor when extensive operations are performed 
upon it. Further the differences observed in the excretion of sugar in 
decerebrate and spinal animals cannot be assigned to differences in 
arterial blood-pressure in the two animals. 

The experimental results allow the following deductions to be made: 

(i) Hyperglycemia and glycosuria are produced by impulses 
‘passing from some part of the bgfin situated between the spinal cord 
and cerebrum. 

(ii) Under normal circumstances these impulses are inhibited by 
impulses from the cerebrum. 

(iii) Removal of cerebral inhibition by decerebration or anesthesia 
produces an overaction of the nerve cells controlling the sugar content 
of the blood causing hyperglycemia and glycosuria. 

(iv) Afferent nerve stimulation augments the hyperglycemia 
produced by removal of the inhibitory influence of the cerebrum (i. e. 
ansesthesia combined with operative procedure produces a much greater 
degree of glycemia than anesthesia alone). 

There is a striking analogy between these conclusions and those 
reached by Sherrington on decerebrate rigidity. From his experi- 
mental results Sherrington deduced that decerebrate rigidity was 
the result of the overaction of impulses passing to the muscles from the 
paracerebellar nuclei owing to the removal of the inhibitory influence 
of the cerebrum; that the discharging stimuli were impulses up the 
deep afferents; and that the function of the cerebellum was to compound 
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the inhibitory impulses from the cerebrum with the discharging impulses 
up the deep afferents so that an orderly discharge might take place 
from the paracerebellar nuclei to the muscles of posture. 
If the analogy may be used to interpret the above facts on experi- 
mental hyperglycemia and glycosuria then the following hypothesis 
would correctly interpret the phenomena observed: The sugar content 
of the blood is kept at a normal level (about -2 per cent.) hy impulses 
passing from the glycemic centre. The discharging impulses for this 
centre are from the afferent nerves of the body. Normally the glycemic 
centre is inhibited by impulses from the cerebrum. When this inhibition 
is removed by decerebration (operative procedure or anesthesia) then 
hyperglycemia and glycosuria result. The experimental results 
described limit the hypothesis but the relations between muscular 
work and carbohydrate metabolism are so intimate that an hypothesis 
similar to that of Sherrington on decerebrate rigidity might be applied 
to the explanation of the control of carbohydrate metabolism and of 
those facts which have been observed in experimental glycosuria. Since 
- dextrose probably constitutes the source of energy for every tissue of 
the body the modification is demanded that every afferent nerve of the 
body rather than the deep afferents only should be capable of discharging 
the glycemic centre. Also, glycogen probably constitutes the imme- 
diate precursor of dextrose present in blood. The two chief tissues of 
the body in which glycogen is stored are the liver and muscles. Whethér 
the efferent impulses from the glycemic centre affect only the glycogen 
in the liver via the splanchnics, or whether the glycogen stores in the - 
muscles are also under the control of these efferent impulses will be 
discussed in a subsequent communication. Finally there remains the 
problem as to the explanation on this hypothesis of Claude Bernard’s 
observations on diabetic puncture. The transient glycosuria produced 
by pushing a steel stile into the medulla of a rabbit has been assigned to 
(a) . transient stimulation of nerve cells in the medulla, the function 
of which is to regulate the supply of glycogen in the liver, 
(5) vaso-dilatation in the liver, due to destruction of the vaso- 
motor centre, causing the breaking down of glycogen to dextrose. 
The second hypothesis has already been discussed. As regards the 
first suggestion it seems improbable that pushing a steel stile into a 
group of nerve cells would produce a transient condition of stimulation 
within them. Possibly the effects observed might be explained on the 
assumption that the stile produced intense stimulation of the afferent 
tracts passing up the brain stem and thereby induced overaction of 
the glycemic centre with resultant glycosuria. 
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(1) Urine obtained experimentally from anesthetised animals 
contains dextrose whatever the anesthetic used. This glycosuria is 
associated with hyperglycemia which may amount to -6 per cent. of 
dextrose in the blood. 

(2) The factors responsible for the hyperglycemia and conse- 
quent glycosuria are (a) the anesthetic and (b) afferent nerve stimulation 
by operative procedure. Of these two factors afferent nerve stimulation 
is much th¢ more potent. 

(3) Urine from decerebrate animals contains dextrose and this 
glycosuria is associated with hyperglycemia. 

(4) If the entire brain of an animal be destroyed, then, after the 
initial hyperglycemia and glycosuria due to the anesthetic and 
operative procedure have passed off, the urine subsequently excreted 
contains no dextrose. 

(5) After the urine of a spinal animal has been freed from sugar 
afferent nerve stimulation or anesthetics no longer cause hyper- 
glycemia and glycosuria. 

(6) The continued glycosuria of the decerebrate animal compared 
with the transient glycosuria of the spinal animal cannot be assigned 
to differences in blood-pressure between the two animals. 

(7) The following hypothesis has been put forward to explain the 
facts observed: 

The sugar content of the blood is under the control of some portion 
of the brain situated between the cerebrum and cord. This glycemic 
centre is discharged by impulses passing to it by any afferent nerve, 
and inhibited by impulses from the cerebrum. Removal of the cerebrum 
from the control of the animal either by experimental decerebration 
or by anesthetics causes the overaction of the glycemic centre Wen 
consequent hyperglycemia and glycosuria. 


The expenses of this research have been defrayed by a grant from the Royal Society. 
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OBSERVATIONS ON CYANIDE ANOXAMIA. 
By C. LOVATT EVANS. 


(From the Physvological Department, University of Leeds.) 


THE striking reversibility in the effects of sub-lethal doses of hydrocyanic 
acid and its salts, together with the fact that it was found to depress the 
oxygen usage of the body (Gaithgens(), Geppert@)) and also that 
of plants (Schroeder(3)), has led to the use of these substances in 
recent years in the course of many investigations, for the purpose of 
experimentally lowering tissue respiration. It is, however, by no means 
certain whether the very pronounced effects of cyanides are to be 
attributed solely to the property of reversibly depressing oxidative 
processes, or whether they exert some other action attributable to 
specific effects of the poison (Cushny (4)). 

It was with the object of ascertaining whether doses of cyanides such 
as might be given for the purpose of temporarily inhibiting respiratory 
exchange owe their physiological. effects solely to the production of a 
sudden anoxemia that the present investigations were undertaken: 
it was also hoped that some information might be gained en passant as 
to the manner in which cyanides are able to effect. these alterations in 
tissue metabolism. No experiments have been carried out with the 
free hydrocyanic acid, since it is not readily kept and handled: sodium 
or potassium cyanides have therefore been employed. 

Concentrations used. As regards the action of high concentrations, 
such as 0-5°/, NaCN, the chief effect is a definitely toxic one resulting in 
almost instant death of tissues exposed to its action, and it seems clear 
that many of the earlier investigations on prussic acid were invalidated 
by reason of the large amounts employed. For the present purposes 
the amount used rarely if ever exceeded the minimal lethal dose, and 
was generally much below this, so that reversible effects could be studied, 
these being the conditions which are desired when the drug is given in 
experiments on the respiratory exchange. 

The experiments were carried out mostly on cats, or on isolated 
tissues of the cat and frog. For intravenous injection a nominal ‘m/100’ 
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solution of sodium cyanide, prepared by dissolving the weighed amount 
of the salt (0-05 gm.) in normal saline or other physiological salt solution 
(100 b. o.), was employed (the actual concentration determined by 
silver titration was only m/150 owing to moisture in the solid). The 
lethal dose for a single rapidly-exécuted intravascular injection in a cat, 
in the few cases where such was given, was found to be about 10 c.c. 
for an average body weight or 1-3 m.g. per kg., which corresponded to 
a uniform concentration throughout the body of about m/38,000. 
If we assume the blood volume in the cat to be 5˙5 % of the body 
weight (Meek and Gasser(5)) the injection of from 1 to 10 0. c. of the 
solution gives a concentration in the blood of -000047 to -00047 m. of 
sodium cyanide, for average cats. In some of the experiments on isolated 
tissues greater concentrations up to m/150 have been brought into direct 
contact with them: this is of course a relatively enormous concentration, 
but there was little evidence that it exerted any effects other than those 
attributable to sudden oxygen lack. 

This strength is far in excess of that required to greatly depress 
tissue respiration, and may even be very definitely poisonous to infusoria 
(Herwerden(6)). Warburg(7) and Hyman(s) find that -00001 m. 
NaCN causes appreciable reduction in the oxygen intake of sea-urchin 
eggs and of a marine sponge and planaria, and Weizsäcker) finds that 
a · 0005 m. solution depresses the gaseous metabolism of the frog’s heart 
to less than 10% of its normal value: Allen dq states that -0002 m. KCN 
may reduce the oxygen intake of planaria to 30 ½ 1. It appears from a 
consideration of the above statements that the concentration of cyanide 
present in the blood of cats to which the drug was given intravenously 
in the present investigation, is such as would be expected to considerably 
reduce the rate of tissue respiration. This is also shown by the following 
preliminary 
this point. 

Exp. I. Cat, 36kg. urethane. Respiratory exchange estimated by miniature 


with valves of suitable size attached 
to a trachea tube. 


Period R 
— Cyanide, 2 0. 06. 662 76 1-73 


Normal 30 mins. after . 
cyanide 18-6 92 
The amount of the reduction is an exponential function of the concentration of 
the cyanide; Allen finds that in any case there is a residual level of about 20 p.c. of the 
normal amount of oxidation below which the metabolism cannot be reduced by the 
presence of cyanide. — 
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It is seen that the reduction by about 50 % is caused by a dose of 
about 0˙2 m. g. per kg. The last period shows an increase in oxygen 
usage above the normal, which is perhaps to be attributed to the 
increased respiratory work. This same increase after the administration 
of cyanide was noted both by Gäthgens and by Geppert (l. c.), who! 
regarded it as of the nature of a compensatory increase to make good 
the previous lack: this explanation does not seem to be necessary 
because a simpler one is to be found in the increased work of the respira- 
tory muscles: moreover, it does not appear until some little time after 
the effects of the dose have been recovered from as judged by the effects 
on the circulation and on the respiratory ventilation: the depression 
of oxidation persists well after this recovery has been effected, as is 
shown by the following experiment. 


Exp. 2. Cat, kg urethane. 0 
G. C. 
Period air / min. oxygen/min. R 
Normal 900 27˙ 87 
Cyanide 0 1100 16-3 1-15 
mins later 900 11-3 14 


The cyanide was given in repeated doses here, until convulsions 
ensued (7-5 c.. nominal m/100 in all) and it was probably for this 
reason that the reduction of the oxygen intake was not greater in the 
second period. | 

Effect on the blood. It was often believed in earlier times that the 
bright colour of the venous blood during cyanide poisoning (Cl. Ber- 
nard(il)) was due to some alterations in the blood itself, by reason of 
which it took up oxygen more readily in the lungs than it was parted 
with again in the tissues (Gäthgens): of the formation of such com- 
pounds as cyan-hemoglobins, etc., there can be no question, owing to 
the relatively minute amounts of cyanide which can effect reduction 
in the gaseous exchanges, as well as to the fact that the effects are 
produced just as readily in saline-fed organs as in those fed with blood. 
It has, however, been often stated in text-books of pharmacology that 
the oxyhemoglobin to which the bright colour of the blood in the veins 


is due is just as readily dissociable as is the oxyhemoglobin of normal 


arterial blood. As no very recent and definite data could be found for 


1 Child (Am. J. Physiol. 48. p. 372. 1919) also finds that during recovery from KCN 
the CO, production of planaria (as estimated by an indicator method) shows a super- 
normal phase. The impossibility of estimating CO, production with accuracy by observing — 
the alteration of H- ion concentration (particularly under anaerobic conditions) is obvious, 
however. | 
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this statement it was thought worth while to carry out a tonometer 
experiment on the lines adopted by Barcroft(2). Blood samples were 
taken from a cat before and at the height of cyanide poisoning, i. e. at 
the time when the effects on the blood-pressure were at their maximum. 
The samples of blood were then each exposed to a 24mm. oxygen 
atmosphere at 39° C. in absence of carbon dioxide. The values found 
for K in the equation y/100 = Kz*/1 + Ka were found to be as follows: 


% saturation 
Blood at 24 mm. Value of K. 
Normal 56-5 -000461 
Cyanide 470 000314 . 


indicating that the oxygen is more readily dissociable at 24 mm. after 
than before the administration. It has been shown by Zillessen ds) 
that there is a formation of lactic acid, detectable in both blood and 
urine in HCN poisoning, and’there seems no reason to doubt that tlie 
greater dissociability of the oxygen in cyanide poisoning is to be attri-, 
buted to a diminished alkali reserve of the blood accompanying this 
anoxeinic formation of fixed acid. In order to obtain some confirmation 
of this the reaction of the blood in cyanide poisoning has been deter- 
mined by the colorimetric method of Bayliss), and found to show 
a slight increase, which would no doubt be sufficient to account for the 
observed alteration in the dissociation of oxygen, as well as for some 
other of the observed effects and after effects of the drug. 


Condition Blood Values 


of animal condition of v. N. 
Normal As drawn 75 
. After KCN * 73 
15 mins. later In equil. with 7-2 
alveolar air 70 


Effects on plain muscle. Meyer(i5) observed that the pupil of the 
pigeon’s eye was dilated when a 1% solution of HCN was instilled | 
into it, but I have not been able to confirm this with the excised frog’s 
eyel. It was observed by Fardonde) that HCN suspended the spon- 
taneous contractions of the isolated- uterus, which was brought to rest 
in a state of relaxation, and the same has been found with the cat’s 
intestine by Alvarez and Starkweather(i7). I have been able to 
confirm this also for the isolated jejunum, ileum, cesophagus and 
uterus of the cat, when portions of these organs were suspended in 
oxygenated Tyrode solution at 39°C. Some of the experiments were 


It should perhaps be mentioned that symptoms of general poisoning can be induced 
by the instillation of HCN into the eye of a living animal. 
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of interest as indicating that the effects of low concentrations of cyanide 
on plain muscle are identical with those of oxygen lack. This is especially 
well seen when the muscle is caused to contract under the influence of 
a chemical stimulus: a piece of small intestine in 1: 50,000 pilocarpine 
in Tyréde’s solution maintained a state of tonic contraction for over 
50 minutes, but this was at once resolved by a small dose of sodium 
cyanide (1 : 58,000) (Fig. 1). When the intestine was placed in 1: 10,000 


Fig. 1. A. Lower ileum of cat in oxygenated Tyrode solution; at the arrow, 
pilocarpine nitrate 1: 50,000. B. The same 50 minutes later; there 
is still strong contraction which disappears when NaCN I: 58,000 is 
added (-1 c.c. 8/10 in 300 c.c. of solution). C. The same 3} mins. 
later after replacing solution by oxygen-free Tyrode. Pilocarpine 
now causes no contraction, but this appears when oxygen is bubbled 
through 2} minutes after the addition of pilocarpine. 


NaCN to begin with, the same dose of pilocarpine caused as powerful 
a contraction at first as it did when the addition was made to the 
intestine in plain Tyrode solution: this tonus, however, was not long 
maintained, so that in three minutes it was reduced to a series of more 
feeble contractions at a low level of tonus, and not affected by further 
additions of either cyanide or pilocarpine (Fig. 2). Very similar results 

were obtained when a piece of intestine was suspended in oxygen-free 
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Tyrode solution and submitted to the action of pilocarpine (Fig. 3). 
In carrying out this experiment, hydrogen gas was bubbled through the 
saline solution, on the surface of which was a layer of liquid paraffin 
2 em. thick: as in the presence of cyanide, an addition of pilocarpine 
to 1: 50,000 only resulted in a transitory state of tonus: after this 
tonus was resolved, and also in the similar case where in presence of 
cyanide the tonus had been much reduced, and the fluid changed, no 
improvement occurred until after the admission of oxygen (Figs. 1 (C) 
and 3). Similar results were obtained with barium chloride, except that 


Fig. 2. Jejunum of cat in Tyrode fluid Fig. 3. Lower ileum of cat in oxygen- 
and oxygen. 1+5 C.. 2/10 NaCN= - free Tyrode solution. Effect of 
1: 10,000. Contraction caused by 1/80 1/80 grain pilocarpine nitrate = 
grain pilocarpine and gradually dimin-. - 150,000. 
ishing: a second dose of pilocarpine is f 


ineffective, 


after disappearance of the brief tonus caused by this substance in the 
presence of cyanide, there appeared a second steady increase of tonicity, 
after which the muscle became opaque and inexcitable, and was 
apparently in rigor mortis. As with chemical, so with electrical stimuli: 
after bringing the spontaneous movements of the intestine to rest by 
large doses (m/200) of cyanide, good responses were still obtained to 
galvanic stimuli. It seems then, that in spite of the depression of the 
oxygen intake which presumably occurs plain muscle is still as capable 
of contracting in response to adequate stimuli when in the presence 
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of considerable concentrations of cyanide (m/200) as when suspended 
in Tyrode solution without addition. 


The fact that the rhythmic spontaneity of movement is inhibited by small concentra- 
tions (often by m/1500) of cyanide calls for some comment. To those who hold the view 
that these movements are neurogenic in origin, the known sensitiveness of nerve cells 
to cyanide will appear suggestive: on the other hand, these (segmenting) movements may 
be held to be the outcome of local augmentation of tissue metabolism produced normally 
by increase of tension and length of the fibres or other excitation, and it would seem 
reasonable to suppose that “spontaneous” contractions would only be capable of occurring 
when the tissue was in a state of active metabolism. According to the first view the higher 
rate of oxygen usage accompanying rhythmic activity is regarded as the result of that 
activity, and according to the latter view as the cause of it. 

The hypothesis of Child (18) that in any organism or part of one, there is a condition 
of physiological dominance of the part of it which has the higher rate of metabolism (and 
the greater sensitivity to lethal concentrations of cyanide), however interesting from the 
biological standpoint, cannot be accepted as a generalisation without some reserve, 
though the attempt has been made by some physiologists to apply it to processes of 
physiological transmission: among these are Alvarez and Starkweather (Le.), who 
give some grounds for believing that the normal downward transmission of peristalsis 
in the alimentary canal is to be explained as dne to the progressively diminishing metabolic 
gradient in a descending direction along the gut. One of the many proofs which they 
advance in support of this hypothesis is that on proceeding downwards the various parts 
of the intestine show a diminishing sensitivity to cyanide and to other drugs. A point 
that should be borne in mind is that the movements of the isolated intestine suspended 
in saline solutions are not peristaltic, but pendular in character. So far as my experience 
goes, moreover, I have not found this gradation in sensitiveness to be so invariable as some 
of their writings would suggest. 

Although there are a great number of observations which are in support of the views 
held by Child, there are also some others (Lund (19), Herwerden, Le.) which seem to 
be incompatible with it. 


Effect on skeletal muscle and on nerve. The effect on muscle is variable 
according to the concentration: the effect of strong solutions, such as 
0-5 °/,, was to cause almost immediate rigor and death, as was found 
also by Dontas(@0) though he did not seem to recognise that the con- 
tracture which resulted was a post-mortem one: with concentrations 
of m/150 on the other hand, there is little effect, even after exposure 
for three-quarters of an hour, the muscle being still excitable, and 
usually responding with a bigger contraction than was given by the 
control muscle in plain saline solution, the curve differing from it only 
in the prolongation of the relaxation period, especially after a brief 

tetanus. My experiments are in agreement: with those of Dontas in 
all the above points, and also in the observation that in animals killed 
by cyanide the muscles are still excitable both to direct and indirect 
excitation: which was also noted by Hayashi and Muto@). The 
statement of Kélliker(22) that the excitability of the muscles is lost 
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under these circumstances appears to be incorrect, and is probably to 
de explained as due to fatigue induced by the preceding convulsions. 
The most remarkable effect of cyanide in weak concentrations has 


Fig. 4. Fatigue curve of frog sartorius after soaking for 45 minutes in 
“m/100 NaCN” in normal saline. Stimuli 58 per minute. The curve 
for the control sartorius soaked in normal saline without addition was 
almost exactly similar, but was about one minute longer in duration. 


Fig. 5. A. Continuation of Figure 4. Effect of 5 mins. rest on fatigued sartorius in 
cyanide saline solution. B, C. Control sartorius from same frog in plain saline 
solution. After the normal fatigue curve (not shown), 5 mins. rest and then curve B; 


then 5 min. further rest and curve C. Recovery from fatigue is much more complete 


than in the case of the cyanide muscle. 


a tly not been described, and it is of peculiar interest in view of 
the objects of the present investigation. This is the effect on the process 
of recovery after fatigue: the curve of fatigue onset of a frog’s sartorius 
which has been previously soaked in m/150 NaCN for one-half to three- 
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quartecs of an hour is almost indistinguishable fail that of the normal 
control in · 75% NaCl, being merely a little more rapid, but whereas the 
latter shows decided recovery after five minutes rest in air, the cyanide 
muscle under exactly similar conditions shows practically none’. 

These results, some of which are shown in the tracings (Figs. 4 and 5), 
so Closely resemble.those obtained by Fletcher@3) with frog’s muscles 
in an atmosphere of nitrogen, as to furnish very good evidence in support 
of the view that dilute solutions of cyanides exert their effects entirely 
by reason of the oxygen lack which they produce, so that it is not the 
contractile process, but the process of recovery which is affected. In 
further agreement with this is the observation of Weizsäcker“ 
that the initial heat production of muscular contraction in cyanide 
solution up to -002 N, as in an atmosphere of nitrogen, did not differ 
materially from that in air or oxygen, though presumably the recovery 
heat production was diminished. 

When a nerve-muscle preparation is placed in a m/150 solution of 
NaCN, no alterations in either excitability or conductivity of the nerve 
are to be observed in the course of half or threequarters of an hour, 
provided the stimuli are not repeated too often during that time: 
when the stimuli are often repeated, or especially when a short tetanus 
is caused by stimulation of the nerve, the nerve trunk ceases very soon 
to be excitable along its whole length, though the muscle still remains 
directly excitable. These observations are not in complete agreement 
with those of previous workers. Dontas (I.c.) claims that nerve trunks 
and motor nerve éndings are paralysed, but his results show that with 
dilute solutions the action only takes place after long exposure (two 
hours and over), and in view of the fact that in absence of oxygen the 
onset of rigor is accelerated (Fletcher, Le.), his results must be taken 
as in the long run supporting the ones here given, and not as due to 
the effect of the CN-ion as he supposed. 

Nervous centres. As with oxygen lack, the sensitivity of nerve centres 
to cyanides is very pronounced, which has led even to a statement that 
hydrocyanic acid is a pure bulbar poison (Corin and Ansiaux(25)). 
The usual statements of the text-books were confirmed as regards the 
vaso-motor, cardio-inhibitory and respiratory centres, all of which were 
stimulated by small and depressed by large doses of NaCN: one or two 
additional points of interest were noted in the course of these experi- 
ments. The excitatory effects on the medullary centres were best seen 
when in a decerebrate or lightly anesthetised cat the drug was injected 


1 This makes a, good class experiment. 
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Fig. 6. Cat 3°7 kg. Urethane. Injection of 0-5 c.c. 100 NaCN into central end 
carotid artery. A, before, B after section of both vagi. The figures on the 
pressure abscissa indicate the number of heart beats in ten seconds. 


Fig. 7. Decerebrate 
of 5 o. o. n/100 NaCN. B. Ten minutes later. 
mov tract 


aide - tube. Lower tracing pressure. x onset 
of spasms, 
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into the central end of the carotid artery, so that it passed directly to 
the medulla: the rise of blood-pressure, increased depth and frequency 
of respiration, and frequently some cardiac inhibition (more or less 
masking the rise of B.P.) occurred simultaneously (Figs. 6 and 7). In 
some cases these effects were also seen when small doses were rapidly 
injected into the peripheral end of the carotid artery, or when larger 
doses were given intravenously (Fig. 7), and were then accompanied by 
rather marked convulsions and by other occurrences which more or 
less obscured the effects. Different levels of the central nervous system 
show differences as regards their sensitivity to cyanide, as may be seen 
by comparing the effects of injections into animals with intact cerebrum 
and into decerebrate, decapitate and pithed animals (Fig. 8). It is in 
fact possible to temporarily throw parts of the central nervous system 
out of action by suitable injections of the drug: an injection of a small 


Fig. 8. Effect of m/100 NaCN on blood-pressure of cat. A. Decerebrate. 0-5 c. c. 


injected into peripheral end of carotid artery. B. Decapitate. The crosses mark the 
occurrence of spasms. Injection into vein. C. Pithed. Injection into vein. The 
figures below the time trace show number of heart beats in 10 secs. 


amount (1 c. c.) into the peripheral end of the carotid artery affects the 
cerebrum almost exclusively and with great rapidity, and the effect is 
long-lasting (the spasms and the subsequent character of the respiratory 
movements in such a case closely resemble those of a decerebrate cat, 
though the muscular rigidity does not persist long): the midbrain and 
all parts below it are either not affected, or are only thrown out of action 
for a very short time, as is shown by the pérsistence of the conjunctival 
reflex at all stages. When injections are made into the central end of 
the carotid, the medulla is most affected, the various centres being 
first stimulated and then depressed, and if the dose is not a very small 
one the effect lasts for a considerable time, so that recovery of the 
conjunctival reflex may take 20 to 30 minutes, though some other 
reflexes return more speedily. The spinal cord is affected to a less extent 
than the higher parts, and recovers more rapidly. 
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The rise of blood-pressure seems to be partly due to an outpouring 


Fig. 9. Cat decerebrate. Curari. Blood- 
pressure and limb volume. Injection into 
vein. 


of adrenalin from the suprarenals, 
which probably contributes to 
cause some acceleration of the 
heart from 10 to 30 seconds after 
theadministration (Fig. 6 (b)); there 
is also often seen to be a second 
ascent in the blood-pressure curve 
at about this time, though it would 
not seem correct to attribute this 
entirely to the effects of the liber- 
ation of adrenalin; it occurs, how- 
ever, in decerebrate curarised cats 
with artificial respiration (Fig. 9), 
so that it cannot be due entirely 
to an acceleration of the circula- 
tion rate by general or respiratory 
muscular contractions. Further 
evidence of the part played by the 
adrenals was obtained by excluding 


Fig. 10. Cat. Urethane. Respiration and blood-pressure. A. Com- 
mencement of injection of 3 0. o. of m/100 NaCN slowly into 
jugular vein, suprarenals out of circulation. B. At end of in- 
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also seen in the decerebrate cat, but are often 


probably to be described as definite asphyxial 
changes, due to the effects of oxygen lack 
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them from the circulation by means of ligatures which could be sub- 
sequently released: the rise of pressure on injection of small doses of 
NaCN was smaller when the suprarenals were excluded from tbe circu- 
lation in this way, while on release of the ligatures, a definite rise 


occurred (Fig. 10). 


The onset of convulsions is usually early when the injection is 
made into the peripheral or central ends of 
the carotid artery (Fig. 11), and is no doubt 
due to a direct stimulating effect on the 
higher levels: this is also sometimes the case 
when the drug is administered intravenously, 
the convulsions first making their appearance 
synchronously with the commencement of 
the rise of blood-pressure, to which no doubt 
they contribute, and with the first effects on 
the respiratory movements. Convulsions are 


later in onset (Fig. 7); the onset of convul: 
sions is often accompanied by great acceler- 
ation of the respiratory movements (Figs. 7 
and 11); in the spinal cat the spasms are 
much feebler, and occur decidedly late (Fig. 
8 B). These late convulsions, as well as the 
reappearance and further continuance of the 
convulsive movements in intact cats are 


or the products of oxygen lack on the spinal 

cord: like those seen in asphyxia, they often Fig. II. Cat, 35 kg. Ether. 
cause the arterial pressure to shoot up sud- bie 
denly in the later stages of poisoning (Fig. dure (lower traoing). Injection 
8 B). It is in all probability such convulsions o 0250.0. n/100 NaCN into 
as these which are described by Laske- 
witch ee) and Coze(27) as occurring directly Vith 
after arrest of the circulation. Rossbach of respiratory movements. 
and Papitsky@s) stated that the onset of 

convulsions coincided with the appearance of a bright red colour in the 
venous blood, and with the stage of falling blood-pressure, which certainly 
seems to be true for cases of intravenous injection or administration by 


the mouth, when large doses are given (Fig. 7). 
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Most of the above effects are early ones, and occur within about 
half a minute after the injection: they are followed very soon by the 
later effects, which consist in an almost complete reversal of the earlier 
conditions, especially if the dose was a large one, or if a second dose was 
given. Cerebral and medullary, and finally spinal centres become much 
depressed; the respiratory centre now becomes much less sensitive to 
chemical stimuli,*so that after large doses, ih spite of the increasing 
acidity of the blood, the movements of respiration often become sus- 
pended for considerable intervals of time, and even after small doses 
are decidedly slowed (Fig. 7); the vaso-motor centre is also thrown 
out of action, so that pressor reflexes can no longer be evoked (Fig. 12), 


Fig. 12. Decerebrate cat, 2-8 kg. Arterial pressure. A. II mins. after 3 0. c. 
n/100 NaCN. Stimulation of anterior crural nerve ineffective. B. 80 
seconds later. Pressor reflex returning. C 70 seconds later. More marked 
pressor reflex, resembling that obtained previous to administration of 
cyanide. 


as was also found by Lazarski@): at this stage also stimulation of 
the vagus and splanchnics and injection of adrenalin is without visible 
effect on the heart and blood-pressure (Fig. 13). 

Nothnagel and Rossbach(@0), however, state that the vagus 
remains excitable till the end. During this stage, the blood-pressure 
becomes very low from vaso-dilatation (Fig. 14), and the animal closely 
resembles a pithed animal, no reflexes of any kind being elicitable, while 
the characteristic cardiac changes to be referred to presently are also 
witnessed. 

The later effects on respiration vary with the dose: if this is not large, 
say about -5—-75 mg. per kg., the effect after the first acceleration may 
be to cause deep but slow respirations which retain this character for 
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even 30 minutes, so that the total ventilation is increased, both during 
and after the administration (Figs. 7, 11). It seems reasonable to 
suppose that this protracted effect may be due to the production of 


Fig. 13. Cat. If Kg. urethane. Effect of cyanide on vagal inhibition. 
A. Normal effect of vagal stimulation (coil at 13 cms.). B. 1 min. 
after intravenous injection of 2 ¢.c. n/100 NaCN. Failure to respond 
to stimulus of either vagus (coil 10 cms.). C. Commencement of 
return of inhibitory effect 3 minutes after the close. D. Do. 5 mins. 
after injection. 


Fig. 14. Cat, 2-4 kg. Decerebrate. Curari. 

Intestine volume and carotid pressure. In- 

jection of 3 0.0. m/100 NaCN, 
considerable amounts of acid during the phase of anoxwmia, and 
possibly to some extent to permanent damage to the respiratory centre. 
The effects of injection of small doses of cyanide on the respiration has 
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been studied by Loevenhart(@1), who recommends such small doses 
for the restoration of respiration in the apparently drowned or 
asphyxiated : such a procedure would appear to be a rather dangerous 
one, since although the movements of respiration may be augmented, 
the fundamental state of oxygen lack would be increased, rather than 
reduced thereby. 

Effects on the heart. 3 were made on the frog and cat 
heart in situ and isolated and perfused. As was observed by Vernon 


Fig. 15. Cat's heart perfused Locke solution. Upper tracing, 

perfusion with oxygen-free Locke; lower tracing, perfusion 

with oxygenated Locke. In each case 3 minims | : 10,000 

adrenalin added at the arrow. Both tracings are from the 

same heart. 
for the tortoise heart(@2), this organ did not show itself as so sensitive 
to cyanide as one is usually led to believe: it is true that it is immediately 
arrested and also often sent into rigor by strong solutions, and definite 
injury was observed by Vernon (l. c.) with HCN in concentrations 
greater than -01 %, but solutions of m/400 NaON are frequently without 
pronounced effects for a considerable time. If a frog’s heart be cut out 
of the body and placed in a watch-glass containing m/150 NaCN in 
normal saline solution, it often continues to beat, though with diminished 
force and frequency, for upwards of an hour: when frogs are killed with 
large doses of cyanide, the heart is invariably to be found beating upon 
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examination. The state of diastolic standstill of the frog’s heart so 
often referred to was only once seen, and-that was during the perfusion 
of the ventricle by Symes’ method with m/300 NaCN, the ventricle 
still responding to mechanical and electrical stimuli, and not being com- 
pletely recoverable when the cyanide fluid was removed. With the frog 
heart beating in situ, the only effect of repeated injections of m/150 
solution direct into the heart was merely to slow the rate, the change of 
rhythm often taking place suddenly, and suggesting interference with 
conduction, and not, as the early observers maintained (O. Loe wi(33)), a 
stimulation of the vagus endings in the heart. 


Fig. 16. Decapitate cat 2-5 kg. Immediately before A, 3 c.c. of n/100 NaCN had been 
injected into femoral vein and between A and B (1 min. interval) 1 o. o. more. 
Upper tracing, cardiometer; lower tracing, arterial pressure. Shows the beginning 
and end of a period of heart block. Systole downwards in cardiometer tracing. 


Perfusion of the isolated cat’s heart with Locke’s fluid gave very 
similar results; definite and speedy effects could only be obtained when 
solutions of not less than m/1500 strength were employed. The effects 
noted were a weakening of the force of contraction, sometimes with 
incomplete diastolic relaxation, alternation of beats, and definite heart 
block of sudden onset. 

The effects of perfusion with oxygen-free Locke solution are similar, 
but take longer to develop. A close similarity is seen in the effects of 
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adrenalin on the heart under the influence of cyanide and in oxygen 
lack (Fig. 15): in both cases the response to adrenalin is lessened, and 
second doses are often quite ineffective, or if effective at first, are soon 
followed by heart block. This phenomenon was also observed by 
Rohde and Oga wa eh with hearts under similar conditions. 

The purely cardiac effects of the drug when introduced into the 
body are well seen in cardiometer tracings from decapitate cats, or 
from anesthetised animals with divided vagi. The tracing shown in 
Fig. 16 which is a typical one, shows a very strong resemblance to those 
obtained from similar animals under the influence of asphyxia 
(Mathison@s)): about 30 seconds after the injection of the dose 


Fig: 17. Decapitate cat. Cardiometer tracing. Systole downwards. A. Response to 
adrenalin (5 m. 1: 10,000). B. Failure to respond to adrenalin 6 mins. after slow 
intra venous injection of 8 c.c. n/100 NaCN during preceding 5 mins. 


there commences a steady dilatation of the heart, with a slight diminu- 
tion of output, but no appreciable alteration of rate: 1 min. 20 secs. 
later there is a sudden drop in the rate from 170 to 85 per min.: this 
condition of heart block, exactly comparable with that of asphyxia, 
lasts for about one minute, and is then just as suddenly resolved, the 
pulse rate now returning to about 150 per minute. The slow and steady 
onset of the cardiac dilatation, in spite of the fact that the injection was 
made intravenously, indicates that it may be due to the changing reaction 
of the blood as well as to a reduced efficiency of the cardiac muscle on 
account of incomplete recovery of the cardiac fibres under anoxemic 
conditions: the asphyxial type of heart block is almost certainly to be 
ascribed to the effect of oxygen lack on the heart itself, as was found to 


* * 
* 
4 71 
7 
1 
— 
4 
N 
* 6 
E 
7 2 
. * 
Pad 
* 
— 
2 
é 
— — — 
» 
x 
* 


CYANIDE ANOXAMIA, 35 


be the case in asphyxia by Mathison. During this state of heart 
block adrenalin is without effect, or has at most very transitory effects 
(Figs. 17 and 18): the long pauses following such short periods of accelera- 
tion (Fig. 18) closely resemble those studied by Cushny c, and are 
suggestive of susceptibility to fatigue on the part of the conducting 
mechanism, or of the ventricular pacemaker. If we suppose the action of 
adrenalin to be exerted on the sinus pacemaker, the former alternative 
seems the more probable, but according to the work of Cullis and 
Dixon@7) who show that adrenalin has the usual effects on the ventricle 
after complete section of the bundle, the latter effect would be indicated. 
The similarity, as regards the reduced sensitiveness of the heart to 


Fig. 18. Cardiometer tracing. Cat 3-3 kg. Urethane. Both vagi divided. Time 
=10 secs. A. Normal tracing. B. After 9 0.0. 100 NaCN. At the arrow 
10 m. 1 : 20,000 adrenalin in femoral vein. C. 2 mins. later. At arrow 15 m. 
adrenalin 1 : 20,000. 


adrenalin, of the effect of oxygen lack on the one hand, and of cooling 
on the other hand (Evans(38)), seems to hint at the possibility of a 
kindred mechanism in both cases, but the nature of the influence is 
obscure in view of the fact that adrenalin raises the metabolism of the 
cooled heart to a greater extent than it accelerates its rate of beat. 
There seems to be no reasonable doubt that the slowing of the pulse 
which is referred to as one of the marked symptoms of cyanide poisoning 


. is attributable to two causes: in the early stages to central vagal inhibi- 


tion, and in the later stages to heart block. 

It is perhaps not surprising in this advanced stage of poisoning, 
when heart block is present, that stimulation of the vagus is often 
ineffective in arresting the heart, since the effects of vagal excitation 
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and of oxygen lack on the conductivity. process are epeobably identical 
(Lewis). 

Effects on arterial blood-pressure. Except after very small doses 
(Fig. 11), the first rise in blood-pressure is followed by a steady fall 
to a pressure'much below the normal (Fig. 14); when large or repeated 
doses are given this is in fact the only effect seen, and the same occurs 
in animals under the influence of chloroform, and to a lesser extent 
in decapitate and pithed cats (Fig. 8). These depressor effects are 
accompanied by vaso-dilatation, and also by diminished cardiac output 
(Fig. 16), though the former is apparently the more important as a rule. 
Recovery to the normal pressure often takes several minutes (Fig. 13, B), 
and is incomplete after large doses. The fall is apparently due to the 
inactivation of the medullary centres, and to some extent to local 
effects of the cyanide on the vessel walls. A point of some interest is that 
at this phase of low arterial pressure, stimulation of the splanchnics 
or the administration of adrenalin are without any effects at all: during 
recoyery the potency of both of these is gradually restored. It was at 
first. thought that this failure to respond to adrenalin might be due 
to an effect of the oxygen lack on the sympathetic endings, but since 
the same does not apply to the inhibitory effects of adrenalin (e.g. on 
the small intestine) it would appear that the effect may be a direct. one 
on the plain muscle of the vessel walls. There is, however, an obvious 
difficulty in testing the effects of cyanide on the inhibitory effects of 
adrenalin, inasmuch as both work in the same direction on the plain 
muscle, and all that could be shown was that the effect was synergic, 
and not antagonistic. The fact that pituitrin and barium chloride (in 
those cases where heart failure did not intervene) were effective in 
raising the pressure when adrenalin had failed to do so, seems still 
to be in favour of the view that the effect of the cyanide anoxemia 
was upon the sympathetic terminations. 

The close resemblance between the effects of asphyxia and of cyanide 
were well seen in their relations to the effects of adrenalin. When 
administered to an animal asphyxiated by nitrogen breathing, or by 
cessation of respiration, adrenalin is without effect on the heart and 
blood-pressure (Fig. 19); when air is readmitted, however, the usual 
effects become apparent in about 30 secs. There can be no doubt that 
a very important factor in this response is the rapid recovery of the 
heart on renewal of its oxygen supply, which is the most usual and satis- 
factory explanation of these post-asphyxial rises of pressure e 
and Mathison (L. c.)). 
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The phenomenon is, however, often seen in cases where the heart 
has by no means failed during the period of asphyxia, and the question 
arises whether the effect is not at all events in part due to a revealing 
of adrenalin-constriction owing to the sensitisation of the vessel walls 
by readmission of oxygen to them. The unreliability of plethysmographic 
records as an indication of the prevailing peripheral resistance when 


changes of cardiac output are also involved, would seem to indicate 


that this point might be worth some further investigation. It is at all 
events not without interest that Dale and Richards ui) find that 
histamine only produces dilatation (probably in capillary areas) in 


Fig. 19. Decapitate cat 1-3kg A and B in asphyxia by cessation of respiration. 
Vagus stimulation and adrenalin relatively ineffective. C (a). 80 secs. after the 


dose of adrenalin, the respiration was recommenced; (5) Parallel experiment 
without administration of adrenalin. 


presence of both adrenalin and oxygen, i. e. the adrenalin in presence of 
an adequate oxygen supply would seem to provide a state of tone which 
histamine can relax. Owing to the slow recovery from the effects of 
cyanide, this post-asphyxial effect of adrenalin is not seen, but otherwise 
there seems to be a very close parallel between the two. 

! Effect on glandular activity. The pancreas was chosen as an example 
of a secreting gland responding to a constant chemical stimulus (secretin) 
by a constant secretion rate, and it was expected that the administration 
of NaON in doses sufficient to cause moderate convulsions would cause 
an immediate cessation in the flow of juice. This did not prove to be 
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the case, whether the dose of cyanide was given before, during, or 
after that of the secretin solution, there being only a small retardation 
in the rate of secretion (cp. Exp. 3). 


Exp. 3. Dog, 6 kg. morphine and ether. Seoretin from dog’s jejunum, in dilute solu- 
tion, into ext. jugular vein. 


Rate of 

secretion 

2 Drops of juice at 

intravenous intravenous mm. fait drops /min. 
None 5-8 c. c. 86 16 7 
sen 28 15 6 

10 c.c. before, and 10 c. o. 

during secretion on 0. o. 60 14 6 


The mode of action of cyanides. It is well known that the reducing 
power of the tissues towards such dyestuffs as methylene blue or 
alizarin blue is augmented in states of asphyxia caused by exclusion of 
oxygen, and it was thought that some light on the mode of action of 
cyanide might be gained by studying the effect of the drug on tissues 
of animals treated inira vitam with methylene blue; under these circum- 
stances it would be expected that since the asphyxia is an internal one, 
the cells being supplied with oxygen at a greater tension than the 
normal, the portion of the dye which had been previously in the reduced 
state would be converted once more into its original condition, just as 
it is by removal of the organ from the body and exposure to air. The 
experiments were tried with methylene, alizarin and indophenol blues, 
and with soluble blue 8, but only the first two gave definite results. 
The dye was administered by subcutaneous or intravenous injection 
until the tissue observed had become slightly tinged with blue, so that 
it was easy to see whether any change took place when the cyanide 
was administered (in no case was there any effect of the cyanide on 
the blue in vitro). 

The results of such experiments varied: with methylene blue, one 
experiment out of four only being doubtful, the result was that adminis- 
tration of cyanide, like exclusion of oxygen, caused the colour to vanish, 
and to reappear again as recovery set in. The effect, seen in all tissues, 
was especially visible in the intestine. Alizarin blue alone gave a result 
in accordance with expectation, and this might be attributed to its 
less ready reduction, since the loss of colour during asphyxia was by 
no means well marked, in spite of the distinct reduction post-mortem. 

Discussion of these results is by no means simple, as it necessitates 
an explanation of the mechanism of reduction of methylene blue by 
tissues, and of the action of cyanide on them. If we accept the view that 
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in such reductive reactions, the methylene blue plays the part of a 
hydrogen acceptor whereby, as a result of a decomposition of water, 
the oxygen set free is made available for use by the tissues, it would 
appear that such oxydo-reductions are not inhibited by the presence 
of cyanides. Experiments on the Schardinger enzyme of milk indicate 
that this is the case. The following experiment is an example: 

Ezp. 4. The ingredients shown were incubated for 30 mins. at 45° C., reduction being 


indicated by R and no reduction by 0. 
Volumes in c.c. taken 


Milk Sell sik 10 10 10 10 10 10 10 
Methylene blue, 5 p.o. 0-5 0-5 0-5 0-5 0-3 0-3 0-3 
Formalin, 10 p.c. ... — 0˙1 — 0-1 — 0-01 — 
m/10 NaCN * — — 10 10 — — 0˙1 
Reduction ... =n 0 R 0 R 0 R 0 


In a recent paper Thunberg has shown that the reduction of 
methylene blue by succinic acid in vacuo is also not inhibited by the 
presence of cyanide, which bears out the same point, though in all 
probability, as he shows, the reaction in that case is merely one of 
transportation of hydrogen from the succinic acid to the methylene 
blue: since like Battelli and Stern(43) he finds that the oxidation of 
succinic acid by muscle in presence of oxygen and in the absence of 
methylene blue is inhibited by cyanide, he makes the very interesting 
suggestion that the cyanide exerts its action by inactivating the oxygen, 
which in that reaction seems to act as the hydrogen acceptor’. 

Other hypotheses which might explain the nature of the action of 
cyanides are (1) that the effect is exerted on intracellular enzymes 
generally, and (2) that the effect is a chemical one on some fundamental 
tissue component. The evidence in favour of the first view is not really 
very strong: it is true that many enzymes which are believed to be 
closely connected with respiration can be shown to be inhibited by the 
presence of minute amounts of cyanide, but it is by no means certain 
that the effect is not a chemical one on some part of the enzymic system. 
At all events the absence of effect on oxydo-reductions has been indicated 
above, while the immunity of intracellular autolytic and other enzymes 
has also been demonstrated (Mendel and Blood(45), Bradley and 
Taylor. The evidence in favour of a chemical action on part of the 
oxidase system appears to be at least as strong as that in favour of an 


1 It may,be noted that some organisms capable of supporting long periods of anaerobic 
life, such as Ascaris, are relatively insensitive to the action of cyanide (Schré der, 44) 
and that some bacteria are also insusceptible: it would be interesting to know whether 
these organisms are facultative anaerobes. 
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action on the catalysor itself, and the part of the system which is 
indicated in view of the high activity of the cyanide seems to be the 
autoxidisable body. There is a good deal of evidence advanced by 
Thunberg(47) in favour of the view that the autoxidisable substances 
concerned in oxidative reactions in animal tissues are substances which 
contain the SH group. There are also indications that HCN actually 


combines with some tissue constituent, the effect of concentrations 


beyond a certain limit being not proportional to but much less than 
the increase in the concentration (Vernon), which was also found 
to be the case by Allen do. When we also bear in mind that cyanides 
are excreted as sulphocyanides, that living or dead tissues can convert 
cyanides into sulphocyanides (Pascheles(48)), and that the spontaneous 
oxidability of cystein in presence of air and water is inhibited by cyanides 
(Matthews and Walker(49)), the evidence grows strong enough to be 
worthy of consideration and further investigation. 


SUMMARY. 

1. While large doses of cyanide are rapidly and irreversibly toxic 
doses of the order needed to greatly depress the oxygen metabolism 
appear to exert all their physiological effects by reason of the anoxeemia 
which they produce. Such doses would be about -5 mg. of sodium cyanide 
per kg. intravenous for the cat, or a concentration of m/200-m/500 for 
excised frog or mammalian tissues. 

2. Anoxemia produced by administration of cyanides differs from 
that caused by exposure to or respiration of indifferent gases in the 
extreme suddenness of the onset and the slowness of resolution: — 

wise the effects appear to be identical as regards plain, striated and 
. muscle, nerve and nerve centres, and general physiological 
effects. 


3. The response of the vascular system to adrenalin or to splanchnic — | 
| excitation, and of the heart to vagus excitation are reduced or abolished — 


in extreme anoxemia. 

4. The mode of action of cyanide in producing anoxemia is briefly 
ii 

The expenses of the investigation were in part defrayed by a grant from the Medical 
Research Committee. 
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THE REACTION AND CARBON DIOXIDE CARRYING 
POWER OF BLOOD—A MATHEMATICAL TREAT- 
MENT. Part I. By T. R. PARSONS. 
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Despite the attention which has been devoted to the problem for 
upwards of half a century, the theoretical interpretation of the state 


of combination of carbon dioxide in blood is still sufficiently obscure . 


to give rise to vigorous discussion. There is little need to mention the 
details of the history of the subject, for these have been collected 
together by several previous writers, notably by Bohr in his article in 


Nagels Handbuch. 


When, in 1914, the careful and exact measurements of 8 
Douglas and Haldaneq made certain the exact form of the CO, 
dissociation curve of human blood the generally accepted view was that, 
of the total CO, combined in a blood sample, part existed in the form 
of sodium bicarbonate, and part in the form of easily dissociable com- 
pounds with the blood proteins, particularly with the hemoglobin. 
The idea of the combination of CO, with haemoglobin had been elaborated 
by Bohr@): while the fundamental experiments of Loewy and 
Zuntz@) on the diffusible and non-diffusible alkali of the blood bad 
made it clear that the sodium required for the formation of bicarbonate 
was derived from the alkali compounds of the blood proteins. Hender- 
son in 1909(4) expressed this last fact in the form of a reversible reaction 
thus: H Protein + NaHCO,= > Na Protein + H,CO,, 
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but lack of definite knowledge as to the relative importance of these 
two processes in the transport of CO, by blood prevented a more 
detailed treatment of the equilibria involved. Christiansen, Douglas 
and Haldane themselves state that the “conditions determining the 
chemical combination of CO, in the blood are, however, so complex 
that we shall not attempt to give a theoretical interpretation of the 
dissociation curve.“ 

Since 1914 attempts to decide the relative importance of the bicar- 
bonate system and of the possible dissociable compounds between CO, 
and proteins have led to the separation of two main schools of thought 
on the CO, problem. Firstly there is the contention that the combined 
CO, is entirely in the form of sodium bicarbonate, with Hasselbalch and 
Haldaneas its chief supporters, while secondly there is the claim made by 
Buckmaster that at least a considerable fraction of the CO,—particu- 
larly that which is dissociable within the physiological limits of CO, tension 
—is in direct chemical combination with hemoglobin. Hasselbalch 
bases his view on the results of his electrometric measurements of the 


reaction of blood at various CO, tensions(5); he claims that the observed 


value of the Pz of a sample of blood at any CO, tension agrees with that 
calculated on the assumption that all the combined CO, is in the form 
of bicarbonate. I have already recorded (6,7) experiments in which the 
calculated values of the P,,’s for any given blood sample seem to be 
invariably somewhat lower than the observed values, but have pointed 
out that this is consistent with the bicarbonate hypothesis if one accepts 
the evidence that the contents of the red corpuscles are more acid than 
the surrounding plasma. Hasselbalch points out that the proteins of 
blood, particularly oxybemoglobin, are normally dissolved in a medium 
considerably more alkaline than that corresponding to their isoelectric 
points, and that, therefore, these substances will act as weak acids 
capable of expelling CO, from the bicarbonate when the tension of that 
gas in the system is reduced, and, conversely, of refurnishing the sodium 
required for the formation of bicarbonate when the CO, tension is once 
more increased. 

On the other hand Buckmaster(8) has shown that gas- free blood 
contains no substance capable of decomposing either sodium carbonate 
or sodium bicarbonate in a vacuum, and also () that the amount of 
CO, absorbed by fresh blood, diluted blood, laked corpuscles and 
also dialysed laked blood varies according to the hemoglobin content 
of the liquid, and concludes that at least that part of the CO, which is 
dissociable within the physiological limits is combined directly with 
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hemoglobin. In passing, it might be remarked that there would 
seem little reason for distinguishing between the CO, which dissociates 


between the physiological limits of CO, tension and that which dis- 


sociates at tensions higher or lower than these: for all the CO, is 
dissociable in the sense that the whole of it leaves the blood when this 
is exposed to a vacuum. But the main point is that these views of 
Hasselbalch and Buckmaster are not so antagonistic as has been 


supposed—rather they represent different aspects of one and the same : 


process. For example, when Buckmaster renders his blood gas free 
in his first series of experiments, the removal of the CO, leaves the 
sodium free to combine with the hemoglobin and such of the other 
proteins present which contain acidic groups, so that in his first series 
of experiments what is really added to the sodium carbonate solution 
is not the mixture of feebly acid proteins themselves, but that of their 
sodium salts—it is not surprising, therefore, that no decomposition 
occurs. And further—during the preparation and dialysis of the 
material used for the second series of experiments no attempt was made 
to prevent the considerable but variable loss of CO, from the liquid 
which must have occurred under the experimental conditions, so that 
the hemoglobin (and other proteins) must have been combined with 
variable quantities of sodium, which, forming part of an indiffusible 
molecule, would not be removable by the dialysis, but would remain 
available in the solution for combining with CO,. So that the apparently 
alkali-free protein preparations probably contained a variable amount of 
sodium capable of combining with CO,, and this, it seems, is a possible 
explanation of varying amounts of CO, ranging from 1-1 o. o. to 5-1 c. c. 
which Buckmaster found to combine with 1 gm. of hemoglobin in 
his several solutions. 

These various observations, then, can all be brought into relation 
with one another if we assume that the total sodium of the blood is 
shared between carbonic acid and the feebly acid blood proteins: thus 
the whole of the combined CO, in blood will be in the form of sodium 
bicarbonate, but the importance of the proteins in the carriage of this 
gas by blood has not been over-estimated by Buckmaster, for even 
though they may not combine directly with CO,, they carry the avail- 
able” sodium which does. It is che object of this paper to develop this 
theory quantitatively, and to compare the variations of CO, content 
and of hydrogen ion concentration which a mathematical investigation 
would lead us to expect with those — observed in such a system 
when its CO, tension is changed. 
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I. The function of the proteins in the carriage of CO, by blood. 
Let us consider a weak organic acid of the type P.COOH; then 


the equilibrium in a solution containing this acid, carbonic acid, and 
their sodium salts will be represented by the equation: 


P.COONa + H,CO, P. COOH. NaHCo,. 


If we express the molecular concentration of each of the e 
present by means of its formula enclosed in square brackets, then it 
follows from the law of mass action that under equilibrium — 


C00 800 j- w. equilibrium constant, K (say), 


or 
Now since all the combined CO, in the system is in the form of sodium 
bicarbonate, the molecular concentration of combined CO, is equal to 
that of the bicarbonate. Let this be represented by æ. And let the 
molecular concentration of free (dissolved) carbonic acid in the system 
be represented by y, this being, of course, directly proportional to the 
tension of CO, in the system. Lastly let ö be the concentration of sodium 
bicarbonate and p that of the sodium salt P.COONa in the system 
when its CO, tension approaches zero. Then at any finite CO, tension, 
the molecular concentration of P.COONa is equal to p— (- b) and 
that of the free acid P. COOH is z— b, so that equation (1) may be 


written 1 p-(e-b) 
or Kri- (Xb- yr (p+6)=0. 


The solution to this quadratio equation is 
Kb-y+ ./(Kb-y)* + 4Ky (p + 6) 
2K 


Since negative values are inadmissible we can reject the negative 
value of the square root function (whose numerical value is obviously 
greater than Kb — ) and so obtain thô general formula which expresses 
the CO, dissociation in the system under consideration in terms of 
W concentrations of the free and the combined gas. 

Now in applying this formula to the CO, dissociation curve of blood 
we regard the proteins of the blood—including hemoglobin and oxy- 
hemoglobin—as behaving as the weak acid in the above system: 
these substances, in a solution whose reaction is considerably on the 
alkaline side of their isoelectric points, yield a certain concentration of 
COOH groups in which the sodium atoms displace those of hydrogen 
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when the sodium is not required for the formation of bicarbonate. It is 
a firmly established fact that the whole blood, at least, is capable of 
giving up all its CO, when exposed to a vacuum. This means that there 
are at least sufficient COOH groups provided by the protein moleculgs 
to take up the whole of the available sodium of the blood, i. e. the 
sodium which is combined with an acid so weak that its alkali salts are 
decomposed to an appreciable extent by CO, at comparatively low 
tensions. This does not preclude the possibility of there being an excess 
of COOH groups, a point which will be dealt with in connection with 
the consideration of the effect of acids on the CO, dissociation curve. 
The fact that blood gives up all its CO, to a vacuum may also be 
expressed by the statement that the concentration of bicarbonate in 
the system approaches zero as the CO, tension becomes vanishingly 
small: in the symbols of equation (2) 2 O when y = 0, and from this 
it follows that 6 = 0, so that for the system that we have in blood our 


In dealing with the CO, dissociation curve of blood it is usual to 
express the results in terms of mm. Hg tension (Po and of c. o. of 
CO, per 100 c.c, blood (Foo) and not in terms of molecular concen- 
trations of free and combined UO, as in this formula. But the change 
from one nomenclature to the other involves only the multiplication 
by a numerical factor in each case. For 1 gram-molecule of CO, 
occupies a volume of 22-26 litres at N.T.P. so that a solution containing 
4 grm.-mols. per litre will have a CO, content of 2,226 c.c. per 100 0. c., 


ie. Vo, (combined) = x x 2,226. The concentration of free carbonic 


acid y can be expressed in terms of the CO, tension by making use of 
Bohr’s values for the physical solubility of CO, in blood (uo): at a 
temperature of 38° C. the coefficient is -511, so that 

y= «vin 
or y = Poo, x 3-0 x 10-5 (very approximately). 


It is to be noted that this last equation gives the relation between 
the CO, tension and the total concentration of uncombined CO,—which 
is present partly as molecules of dissolved CO, and for the rest as mole- 
cules of carbonic acid, H,CO,. It is not possible to calculate the actual 
concentration of H,CO, molecules as the equilibrium constant, k, of the 
reaction H,O + CO, = H, CO, is unknown. The value so obtained 


for y is,.therefore, the apparent concentration of H,CO,, and the 


formula simplifies to 
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(unknown) value of & is included in that of K, the constant of the main 
equilibrium we are considering. Now it is found that if corresponding 
values of 2 and y obtained from equation (3) are plotted, a curve is 
obtained which is of exactly the same form as the CO, dissociation curve 
of blood, and all that is necessary in order to reproduce the “blood” 
curve is to determine the appropriate values for p and K. 


II. The concentration of available sodium in blood. 

Now p has been defined as the concentration of the sodium salts of 
the proteins when no CO, is present: it is, in fact, the molecular con- 
centration of “available” sodium in the blood, and, as such, can be 
evaluated in several ways. 

In the first place there are the results of the chemical analysis of 
the salts present in blood. The classical analysis of the ash of human 
blood is that of Schmidt ah. In 1000 gms. of blood of sp. gr. 1-0599 
he found the following values for the acid and basic radicles respectively : 


gms. gms. 
Cl 2-620 K 1-739 
80, 9004 Na 1-902 
P., 766 rd 


Converting these figures into equivalents we find that the total 
concentration of acid radicles is -0923 N while that of alkali metals is 
-1354 N, so that the concentration of “available” alkali metal not com- 
bined with a fixed acid radicle is (-1354 — -0923) N= 4-31 x 10 N, which 
corresponds to a CO, content of almost 96 C. o. of CO, per 100 c. o. blood. 

Bunge(i2) has made a very similar calculation in which he concludes 
that the total available sodium of the plasma (strictly, he used the 
results of ash analyses of dogs’ serum) corresponds to a maximum 
content of combined CO, of only 63 C. c. per 100 C. o. It will be interesting 
to see whether this relation between the CO, combining power of the 
plasma and that of the whole blood will be confirmed experimentally. 

Reverting for a moment to the above calculation it should be men- 
tioned that in allowing for the phosphoric acid, it has been assumed 
that all the alkali phosphate was of the primary type, NaH,PO,. It 
follows from the relation between the dissociation constants of sodium 
bicarbonate and of secondary sodium phosphate that one-half of the 
sodium in this latter salt is available for combining with CO,. But 
it is important to realise, in attempting to decide the relative amounts 
of available sodium furnished by the blood proteins on the one hand 
and the phosphates on the other, that a very considerable fraction of 
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the phosphoric acid found in blood ash has been derived from organic 
phosphorus during the process of ashing, and so must not be taken to 
represent inorganic phosphate originally present in the blood. As a 
matter of fact, the concentration of inorganic phosphate in the whole 
blood is about -3 x 10-* molecular (Michaelis s)), so that the maxi- 
mum amount of available sodium it could yield is less than one-tenth 
of that yielded by the proteins. 


A second method for the determination of the total available sodium 


of blood is furnished by experiments in which blood is saturated with 
CO,. In these circumstances, provided the CO, tension is sufficient, 
practically all the available sodium will be in the form of bicarbonate, 
and the concentration of this salt can be calculated from the content of 
combined CO, in the blood. Taking, for example, the result of an 
experiment by Buckmaster®@, p. 170) on the CO, content of ox blood 
saturated with CO, at 38°C. In the sample (K) he found a total CO, 
content of 146-1 c. 0. per 100c.c. Now calculating from the tension of 
the gas to which this sample was exposed I find that of this quantity 
44-6 C. c. were in simple solution, leaving 101-5 c. 0. as combined CO, 


per 100 c. 0. This is equal to a molecular concentration of 4-56 x 102, 


and if we may assume that in the conditions of this experiment the 
blood was carrying its maximum amount of combined CO,, then this 
figure also represents the molecular concentration of the available 
sodium. The agreement between this value and that calculated above 
from the blood-ash analyses is very striking in spite of the fact that 
the second value is obtained from the results of experiments on the 
blood of the ox, not on that of man. Having thus determined in these 
two ways the approximate value for p it would be possible to calculate 
that of K for the CO, dissociation of any blood sample by substitution 
in formula (3) if any single point on the curve, i.e. any one pair of 
corresponding values of z and y, were known with certainty. But the 
values for p obtained in these ways can be regarded as only approxima- 
tions to the value of the concentration of available sodium in blood, 
which might be expected to show at least a small variation from one 
blood to another, so that in practice it is more satisfactory to make use 
of two points on the CO, dissociation curve, say at tensions proportional 
to y, and y, at which the concentrations of combined CO, are 2, 


and 2, respectively. We then obtain, by substitution in formula (3), 
two simultaneous equations: 
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from which the values of both K and p can be calculated. It is merely 
a matter of straightforward simplification to show that from these 
two equations K- | 

The test of the theory then consists in calculating the whole of the 
curve from the value of p and K so obtained and comparing it with 
the experimental values. 

Lastly it may be pointed out that the values for the concentration 
of available sodium obtained in this way from the actual curves (see 
below) agree as well as could be expected with those obtained from the 
results of blood-ash analyses and from those of saturation experiments. 
They are collected here for the sake of comparison: 


Taste I. 
Concentration of available sodium in blood (p) calculated from: - 
10-2 N x 

Blood-ash analysis (Schmidt) 
Saturation experiments on ox blood (Buckmaster) eo 
CO, dissociation of reduced blood (Haldane) 806 

” „ oxygenated blood (Haldane) 

„ reduced blood (Parsons 

” ” „ oxygenated blood (Parsons) 4 


III. The CO, dissociation curve of completely reduced blood. 
The most carefully worked out CO, dissociation curves for human 
blood, both in the fully oxygenated and in the completely reduced 


: Taste II. Completely reduced blood of Haldane. 
p =5-051 x 10 


K =5-272 x 10 100 mm. CO, tension. 
Ubserved values Calculated values 
— — — — 
V. 

Cc. — 100 c. c. 0. e. — 100 C. c. 
15-4 1 11-39 
7-75 30°8 2 15-79 
8-1 30-6 5 24-05 
17-9 41-6 10 _ 32-63 
37-9 56-1 20 
58˙2 64˙5 30 51-09 
74-2 70-4 40 57-00 
78-7 75-0 50 61-89 
111-1 82-0 60 65-97 
80 72-91 
100 78-50 
120 83-23 


* — 
7 
2 
4 
> 
* 4 
4 * 
1 * 
nd 
3 
* 
* 
a q 
at 20 mm. and 
4 
PH. LIII. 


80 T. R. PARSONS. 


condition, are those given for the blood of Haldane in Christiansen, 
Douglas and Haldane’s paper (). Figures have also been published 
for the corresponding curves in the case of Parsons’ blood (e. For 
convenience both sets of results are collected together here, the values 
of K and of p are calculated for each blood in the manner already 
described, and then in each case the whole CO, dissociation curve is 
calculated and cémpared with the experimental values. In the first 
place we have, for simplicity, confined attention to the curves for the 
completely reduced bloods. The results for Haldane’s and for 
Parsons’ bloods are summarised in Tables II and III respectively, 
and the striking agreement between the observed points and the 
calculated curves is represented graphically in Figs. 1 and 2. 


ae 
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Fig. 1. Comparison between theoretical curve and experimental results 
for completely reduced blood of Haldane (Table II). 


IV. The effect of oxygenation on the CO, combining power of blood. 

So far we have shown that completely reduced blood behaves as if 
it were a system of two weak acids with a certain fixed quantity of a 
base distributed between them in accordance with the mass action law. 
Before we can investigate the behaviour of oxygenated blood in the 
‘same way we need to formulate some hypothesis with regard to those 
differences in properties between oxyhemoglobin and reduced hemo- 
globin which are responsible for the effect of oxygenation on the CO, 
combining power of blood: we must, in fact, account for the well- 


8 


* — 
4 
7 4 
Jj 
* 
Ls 
8 
7 
2 
7 
re ——ä— —u— = 
| 
~ 
a * 
* 


REACTION OF BLOOD. 51 
established result that oxygenated blood takes up appreciably less 


| 


same conditions. 


Taste III. Completely reduced blood of Parsons. 
p =4-842 x 10-*| Calculated from observed (interpolated) values at 20 mm. and 


K=6-771 x1 60 mm. CO, tension. 
Observed values Calculated values 
7 ( P (totat} 
(mm, tig) cc. per 100 c. c. (mm. fg) ¢.c. per 100 c.c. 
-79 12-5 1 10-67 
5-7 24-2 2 14-82 
sil 28-0 5 23-09 
10-1 32-2 10 80-70 
19-6 41-2 20 41-00 
33-4 49-9 30 48-20 
37-4 49-9 40 53-90 
55-3 58-9 60 62-50 
72-1 69-2 70 66-00 
60 — 
40 VA 
30 
Zo 4 , 
10 
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Fig. 2. Comparison between theoretical curve and experimental 
results for completely reduced blood of Parsons (Table III). 


Now it has been shown te) that oxygenation of blood at constant 
CO, tension is accompanied by an increase in its hydrogen ion concen- 
tration, and the simplest explanation of this observation is that oxy- 
hemoglobin is a more powerfully acid substance than reduced hæmo- 
globin. This would mean that it would tend to combine with a larger 
share of the available sodium under any given conditions, and that, 
therefore, there would be a correspondingly diminished quantity 
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available for combination with the CO,. But it is necessary to enquire 
further into the way in which this increase of acid properties on oxy- 
genation might be brought about. There are several possibilities. 
For example, the oxygenation might conceivably give rise to a rearrange- 
ment of the hemoglobin molecule in such a way as to lead to an increase 
in the number of free COOH groups: or the combination with oxygen 
might give rise without any rearrangement to a molecule from which 
the hydrogen ion is more readily dissociated, i. e. which is a more powerful 
acid—just as the substitution of an OH group in the a position 
in the molecule of propionic acid gives rise to lactic acid which has a 
dissociation constant about ten times as great as that of the original 
unsubstituted propionic acid, while no change in the number of COOH 
groups (in this example one) has taken place. Peters has shown 


that the specific oxygen capacity of hemoglobin is such that for each 


atom of iron combined in the hemoglobin molecule, one molecule of 
oxygen can be taken up. This has been held to constitute evidence that 
the oxygen is actually combined in the iron-containing part of the 
hemoglobin molecule. If we assume this, then there seems no reason 
for supposing that the COOH groups of the rest of the molecule are 
changed in number, so that we arrive at the conclusion that the difference 
in acid properties between oxyhemoglobin and reduced hemoglobin 
is due solely to a change in dissociation constant. This means, then, 
that we should expect that the concentration of COOH groups in 
oxygenated blood will be the same as in reduced blood: and, further, 
that the concentration of available sodium (p) will also be the same: 
the sodium will, however, be somewhat less “available” owing to the 
relatively more acid properties of the oxyhemoglobin. In other words, 
all that should be required is a suitable change in the value of K in our 
fundamental formula (3) in order that it shall express the conditions 
obtaining in oxygenated blood. 

But here arises the question as to the extent to which hemoglobin 
alone is concerned in supplying available sodium for the carriage of 
CO,, for it is possible that the proteins of the plasma might share this 
function—and the properties of these would not be affected by oxy- 
genation in the same way as those of the blood pigment itself. In this 
case our formula might well apply to the conditions we find in reduced 
blood where all the proteins would have roughly the same strength as 
acids: but we should not expect it to apply so accurately to the case 
of oxygenated blood in which one constituent—the oxyhemoglobin— 
is more markedly acid than the rest, for then we should have two 
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simultaneous reactions each with very different equilibrium constants 
and the sum total of their effects would be expressed by a curve of 
somewhat different form from that obtained from a formula involving 


Tantz IV. Fully oxygenated blood of Haldane. 
p =5-032 107% Calculated from observed (interpolated) values at 20 mm. and 


X =7-323 x 10-* 100 mm. CO, tension, 
Observed values Calculated values 
7 Van, 7. 
P 
(mm. Bg) c. c. per 100 C. c. cc. per 100 cc. 
26 15:1 1 9-73 
8-7 26-3. 2 13-55 
18-9 37-1 5 20-79 
37-7 51-2 10 28-4 
41-7 51-1 20 38-4 
44-1 52-4 30 45-38 
56-1 58-3 40 50-96 
73-3 63-1 50 55-60 
78-5 65-7 60 59-64 
105-2 75-3 7 63-18 
80 66-39 
100 720 
120 76-86 
— 
80 — — 
| 
70 
60+ <— 
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Fig. 3. Comparison between theoretical curve and experimental results 
for fully oxygenated blood of Haldane (Table IV). 
only a single equilibrium constant for the whole. This is a question 
which can be settled only when more accurate information concerning 
the properties of blood plasma alone is available. But the evidence 
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that can be derived from this study of the whole blood is in favour of 
the view that the hemoglobin is concerned with the supplying of 
available sodium to an extent compared with which the similar capacity 
of the other blood proteins is small. For the results summarised in the 


Taste v. Fully oxygenated blood of Parsons. 


p =4-783 10% Calculated from observed (interpolated) values at 20 mm. 
K=7018 x10 and 60 mm. CO, tension. 
Observed values Calculated values 
P 
(mm. c.. per 100 c. c. (am. Hg) e. c. per 100 C. c. 
2˙3 10-9 1 9-67 
5-7 17-7 2 13-45 
6-0 21-7 5 2061 
10˙2 30˙7 10 28-10 
19-1 36-7 20 370 
33-9 43-8 30 44-71 
36-9 46-0 40 50-122 
70-0 64-7 50 54-67 
60 58-5 
70 61-96 
— 
70 * 
8 
80 
* 
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Fig. 4. Comparison between theoretical curve and experimental 
results for fully oxygenated blood of Parsons (Table V). 


above tables (IV and V) and curves (Figs. 3 and 4) for Haldane's 

and Parsons’ oxygenated bloods show that of the values of p and K 
. calculated exactly as from the corresponding reduced curves, only 
that of K is changed, while that of p remains constant for both curves 
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for the blood of each observer (cf. also Table I). The agreement is 
| particularly striking in the case of Haldane’s blood, for not only are 
— his analyses the more accurate, but also his blood samples were collected, 

{ as his records show, over a much shorter range of time than those of 
Parsons. 

_ As a corollary to these considerations we can say, with regard to 
the relative parts played by the corpuscles and plasma in the carriage 
of CO, in blood, that the portion of the total CO, which we find in the 
plasma is combined as bicarbonate with sodium which hag been derived 
from the hemoglobin-alkali compounds in the corp 


V. A comparison between bicarbonate solutions and blood. 

The possibility that the whole of the combined carbon dioxide in 
blood is in the form of sodium bicarbonate has led to many comparisons 
between the properties of blood and those of bicarbonate solutions, 
and the differences which have been found in their behaviour towards 
CO, have led to the recent revival of the idea of direct chemical com- 
bination of hemoglobin with CO,. But while, admittedly, the form of 
the CO, dissociation curve of a pure bicarbonate solution is very different 
from that of blood, it must also be borne in mind that the chemical 
equilibria concerned in the two cases are entirely different ones. It has 
been the object of the preceding sections of this article to set forth 
} evidence in support of the conception that in blood we have a system 
composed of two weak acids (proteins, carbonic acid) sharing a fixed 
quantity of a base between them; in bicarbonate solutions on the other 
hand we have an equilibrium between a single acid and a single base 
in which there is the possibility of the formation of both normal and 
acid salts: 2NaHCO, => Na,C0, OO, 


i Now this equilibrium has been investigated mathematically by Bohr ds) 
and McCoys), and the results of the first-named investigator are of 
most use to the physiologist as his experiments were carried out at 
body temperature instead of 25° C., as were those of McCoy. A treat- 
ment slightly modified from that of Bohr, in which the values of the 
variables are expressed in the terms to which blood-gas workers are 
accustomed, namely CO, tensions and c.c. of CO, per 100 0. c. of fluid, 

can be carried out quite briefly. Using the same terminology as before, 
from the above equation, in equilibrium conditions we have 


[NaHOO,}* =k [Na,C0,] 2% 
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where [NaHCO,] = molecular concentration of bicarbonate, 
[Na, CO,! normal carbonate, 


y = CO, tension in mm. Hg, 

a= coefficient of physical solubility of CO, in the 
solution at 37°C. This will not be appreciably 
different from the solubility in pure water, which 
under these conditions has a value of -555 (Bohr), 


and kis the equilibrium constant of the reaction: it includes the unknown 
equilibrium constant of the reaction H,O + CO, == H,CO,. 

In addition let p represent the total concentration of sodium in the 
solution, and z the molecular concentration of combined CO, at any 
given tension. 


Then evidently | 
(NaHCO,] =z and [Na,CO,)=}(p—[NaHCO,)). 
From which equations [NaHCO,]=2z -p. 


Substituting ~ equation (1) we have 3 


(22 —p)*=k (p-2)x 


or, representing all the constants by one symbol, K, 
(2a . 
from which 22 9K (2). 


Now in the experiment quoted by Bohr, a «1552 per cent. solution 
of Na,CO, was used. For this, then, p= 2-928 x 10 N. At a tension of 
45-08 mm. CO, he found that the solution had a content of combined . 


of 64-28 C. 0. per 100 c.c. which is a molecular concentration tS 
1. e. of 2-887 x 10-* of combined CO. 
oe these values in formula (2) we find that 
XK =4-381 x 10-*. 


By means of this constant and formula (2) we can then proceed to 
calculate the CO, dissociation curve of a sodium bicarbonate solution 
of any strength we desire. But the question at once arises,—with what 
strength of sodium bicarbonate solution shall we compare the blood? 
Some recent writers, e.g. Bayliss uh, would take a · 15 per cent. solution 
li. e. about -03 N) on the ground that its CO, content is roughly the same 
as that of blood in the body; but it seems more reasonable to take one 
in which the total concentration of sodium is equal to that of the blood 
with which it is being compared. This has been done in the case of 
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Parsons’ blood for which the concentration of available sodium (p) 
is 484 x 102: the CO, dissociation curve of a bicarbonate solution 
with the same sodium concentration has been calculated from formula 
(2), and the results are summarised in Table VI. 

The difference between the two curves is shown in Fig. 5 from which 


Taste VI. CO, dissociation curve of a 4-84 x 10-* N solution of NaHCO,. 


l 78-18 
2 86-42 
94:71 
10 100-01 
20 104-26 
50 109-25 
100 142 


920 40 60 80 oo 120 


Fig. 5. Comparison between CO, dissociation curves of blood and 
of sodium bicarbonate solution each containing the same 
concentration of available sodium (Table VI). 


it is at once seen that while the amount of CO, combined in each system 
tends to reach the same maximum at high CO, tensions, at lower tensions 
the sodium in the pure bicarbonate solution is much too “available,” 
with the result that at a tension of 20 mm. almost the maximum amount 
of CO, is still combined so that between the physiological limits the 
bicarbonate alone does not function as an efficient carrier of CO,. 


1 
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On the contrary, in the blood, the availability of the sodium is 
regulated by the proteins in such a way that the CO, tends to be expelled 
at the lower tensions, so that an efficient transport of the gas is brought 
about. 


SuMMARY. 


(1) A mathematical investigation has been undertaken of the 
equilibrium in a system composed of carbonic acid and one other weak 
acid with a fixed total amount of sodium distributed between them. 
It is found that the CO, dissociation curve of blood is identical with 
that possessed by such a system. 

(2) The proteins of the blood constitute the second weak acid 
which shares with carbonic acid the available sodium of the blood. The 
relative importance of the various blood proteins in this connection is 
undecided; but a study of the effect of oxygenation on the CO, com- 
bining power of blood shows that it is likely that by far the most 
important part is played by hemoglobin. 

(3) The concentration of “available” sodium in the blood may be 
calculated from the results of blood-ash analyses, from a knowledge of 
the maximum amount of CO, with which blood will combine, and 
from the CO, dissociation curve itself: the value found by each of these 
three methods is of the order of 4-5 x 10 N. 

(4) Oxygenation does not change the concentration of “available” 
sodium in blood. 

(5) The whole of the combined CO, of the blood is in the form of 
bicarbonate; but the proteins present in the blood confer on it a property 
which a pure bicarbonate solution does not possess, namely that of 
forming an efficient carrier for CO, 

This work was carried out during the tenure of a research studentship at Sidney 
Sussex College, supplemented by a grant from the Medical Research Committee. 
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THE RESPONSE TO RESPIRATORY RESISTANCE. By 
H. W. DAVIES, M.B., Carra A. A. M. C., J. S. HALDANE, 
M. D., F. R.., Au J. G. PRIESTLEY, M. C., B. M. 


(From the Clinical Laboratory, Ashhurst Military Hospital, Ozford.) 


ALTHOUGH it is well known that the breathing adapts itself to increased 
resistance, such as that produced in various lung affections or in the use 
of respirators, mine-rescue apparatus, etc., no very definite investigations 
have hitherto been made as to how the adaptation is brought about and 
at what point it begins to fail. The present observations were made 
with the object of filling this gap. 
It was shown by Haldane and Mavrogordato() that, when 
natural breathing is suddenly checked by closing a tap, the effect is 
that in whichever phase (inspiratory or expiratory) the check is produced, 
the existing respiratory effort is continued with gradually increasing 
intensity until finally it is suddenly reversed. The reversal is an expres- 
sion of the fact that though there may be a long delay the alternation 
of respiratory phase always occurs finally. As Hering and Breuer 
showed, the delay depends on a reflex through the vagus branches 
supplying the lungs’. It is misleading to regard this delay as an apnoea 
in the sense that there is no respiratory effort, since respiratory effort 
continues, and in increasing amount, throughout the delay. Only when 
a method is used which records one phase only of respiratory effort 
does the delay present the eppearance of being a true apnea. There 
is in reality no such thing as “vagus apnoea,” and the existence of such 
a form of apnoea would be totally unintelligible from a physiological 
standpoint. 
_ The vagus reflex by which the phase of respiration is reversed may 
be likened, like other reflexes, to the action of an automatic reversing 
switch. At points, determined on the one hand by the degree of disten- 
tion or collapse of the lungs, and on the other by the vigour with which 
1 This reflex is, under normal conditions, the immediate cause of reversal from inspira- 
tion to expiration or vice versa; and the underlying rhythmic tendency of the respiratory 
centre does not control the respirations unless the vagi are cut or paralysed. 
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the respiratory centre is responding to chemical or other stimuli, the 
switch turns. If the centre is responding strongly to these stimuli 
the required degree of distention or collapse is great, so that the breathing 
is deep. If, on the other hand, the centre is responding weakly the . 
breathing is shallow; and during true apnœa the very slightest distention 
or deflation from an equilibrium position suffices to turn the switch. 
This explains why it is that with ordinary gentle methods of artificial 
respiration it is practically impossible to over-ventilate the lungs. By 
this reflex both depth and frequency of breathing are properly co- 
ordinated with the chemical stimuli dependent on the CO, pressure of 


B 


Fig. 1. Effects of interrupting natural breathing. A. Respiration inter- 
rupted during inspiration—near end. B. Respiration interrupted 


during expiration—near end. Respi iration up, expiration 
down. Intrapulmonary pressure down, negative 
pressure up. 


the alveolar air. Where, for instance, the rate is by voluntary inter- 
ference unduly increased, the depth is correspondingly diminished, and 
vice versa, 

The progressive increase of respiratory effort after the breathing is 
suddenly checked points towards the means by which the breathing 
adapts itself to increased resistance. This will be clearer from Fig. 1, 
representing the results of numerous actual tracings made by Haldane 
and Mavrogordato. It will be seen that the respiratory pressure 
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(always inspiratory if natural inspiration has been interrupted, or 
expiratory if expiration has been interrupted) mounts up progressively 


Fig. 2. Effects of Resistance. In this and subsequent figures inspiration=upstroke. Time marker=10 seconds. 


after the breathing is interrupted. This mounting up 
depends on the chemical stimuli to the oentre, as it is 
delayed for very long if an apneeic condition has been 
produced by forced breathing, and is greatly acceler- 
ated when a hyperpneeic condition has been produced 
by rise in the alveolar CO, pressure. , 

If, now, in place of completely interrupting the 
breathing, we throw in a resistance, it is easy to an- 
ticipate that for purely mechanical reasons respiration 
will at first be slowed down. The effect of this, how- 
ever, will be that in a short time the alveolar CO, 
pressure will rise. As a consequence the driving 
pressure, inspiratory or expiratory, will become greater, 
and this will tend towards restoring the original rate. 
But the depth of breathing will also increase, since 
the degree of distention or collapse at which the phase 
of respiration reverses will increase, as Haldane and 
Mavrogordato pointed out. The net result will thus 
be that the breathing becomes both deeper and slower 
than before the resistance was thrown in. Fig, 2 is a 
tracing showing that this is just what ordinarily occurs. 
It was taken with the help of the continuous recording 
apparatus described in a previous paper (2, p. 436), and 
we have obtained similar tracings on different indi- 
viduals. Slowing and deepening of the breathing may 
thus be regarded as the natural and normal response 
to respiratory resistance. 

In these experiments the subject breathed through 
a mouth-piece and valves of the same type as those 
used in the Douglas Apparatus for determining re- 
spiratory exchange. Just beyond the valves there were 
Y-shaped junctions, so that the air current could either 
be allowed to short circuit freely through wide bored 
taps, or, on closing these taps, be made to pass through 
resistances. For the resistances we sometimes used 


partly closed taps, but usually employed tins stuffed with cotton wool. 
The object of the latter plan was to give a resistance through whic 
the air-flow varied directly as the driving pressure, as is the case wi 
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respirators, and probably also in asthma and bronchitis. With the tap 
resistance the air-flow varies, of course, as the square root of the driving 
pressure. On the inspiratory side the two air-courses were reunited 
beyond the resistance, and connected with the apparatus for continu- 
ously recording the inspirations. 

The mean composition of the alveolar air was frequently determined 
by the ordinary Haldane-Priestley method with double samples for 
each determination. The following table shows that, just as might be 
expected, the alveolar CO, pressure begins to rise when the resistance 
is thrown in. The rise is trifling if the resistance is slight, but becomes 
quite considerable with a heavy resistance. 


Taste I. 
Alveolar 
percentage em. of H,0 
Normal resistance Inspiratory Expiratory Remarks 
J. S. H. 6-40 5-34 44 11 — cotton-wool resistance. 
J. G. P 5-60 5-80 44 1} t cotton-wool resistance. 
’ "Breathing slowed 
H. W. D. 5-97 6˙24 13 5 1 er ag resistance. 
reathing slo 
1 5-99 5-93 (?) 8 4. me ee cotton-wool resistance. 
slowed 
„ 6-61 ter cotton-wool resistance. 
ing slowed 
” 6˙21 ter cotton-wool resistance. 
reathing slowed 
* 6-26 ter cotton - wool resistance. 
reathing slowed 
” 15 7-02 25 14 Heavy cotton-wool resistance. 
Breathing slowed 
J. S. H. 654 . 6-40 * * —— resistance, 
2 5 Breathing about 66 
55 os 6-76 ? ? Resistance lessened by partly 
openi taps. Respirations 
| about 30 
J. G. P. 5-37 5-76 . ? 7 Tap resistance lessened by partly 
openi ta Respirations 
| about 4 
J. S. H. 533 6˙50 ? ? Tap resistance lessened 
taps. * 
— 
? ? resistance increased. Respi- 


The rise in alveolar CO, pressure is also indicated by the fact that 
on removing the resistance the breathing is at once increased for a 
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short time. With a heavy resistance this increase was sometimes 
enormous (see Fig. 5). 

We may now proceed to describe what happens when the resistance 
is excessive, or the respiratory centre becomes fatigued or weakened 
by anoxemia or other causes. The phenomena in question are of 
great importance in practical medicine. They throw quite a new light 
on failure of the respiratory centre as a common—perhaps the commonest 


cessive resistance the phase of slowing and deepening of 
ing is followed sooner or later by a phase in which the rate of 
breathing increases and the depth diminishes. Fig. 3 illustrates this 
change. It will be seen that the frequency, which had fallen at first 
from about 27 to 12 a minute, gradually increased to about 32 a minute 
after about two and a half minutes, when the resistance had to be 
removed on account of threatening symptoms. At the same time the 


Fig. 3. Effects of resistance. 


depth, which had increased somewhat at first, fell to a fraction of its 
original value. The significance of this change can be realised from the 
previous paper(2), in which Haldane, Meakins and Priestley showed 
that (i) shallow breathing causes anoxemia, and (ii) anoxemia causes 
shallow breathing. The body is in a vicious circle, which, if not broken, 
must inevitably cause death. The shallow breathing is at first only a 
sign of ordinary fatigue of the respiratory centre, since it begins without 
any anoxemia, and, as we have found by experiments in which oxygen 
was added to the inspired air, is not relieved by oxygen, In the later 
stages, however, anoxemia is present, as shown by the increasingly blue 
colour of the face. The face is also flushed, in contrast with the pale 
leaden or gray colour characteristic of the condition in which deficiency 
of CO, or “alkalosis” accompanies anoxemia. 

On comparing the effects in different individuals of the same re- 
sistance to breathing, we found that there are very great individual 
differences. This, also, is a fact of much practical importance in 
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connection, for instance, with the use of respirators, etc., or with the 
symptoms produced in lung affections, Fig. 4 shows the effect on J. G. P. 


of the same resistance as quickly produced shallow 
rapid breathing and failure of the respiratory centre 
in J. S. H. An exactly similar effect was produced 
in H. W. D. It will be seen that the slow, deep 
breathing continued without signs of fatigue. There 
were also practically no subjective symptoms of 
distress. In another subject (J. B. S. H.) the shallow 
rapid breathing set in much more rapidly than in 
J. S. H.; and even the comparatively slight resistance 
due to the recording apparatus, tubes and valves was 
sufficient to cause a marked increase in the rate of 
breathing, so that the apparatus in its existing form 
did not give a continuous record of normal breathing. 
It is well known that the effects on different indivi- 
duals of respirators vary in a corresponding manner. 

We found, however, that the difference in dif- 
ferent individuals is only one of degree. If either the 
resistance, or the amount of air breathed, is increased 
sufficiently, the respiratory centre always begins to 
fail. Fig. 5, A and B, illustrates this. It shows the 
effect of very gentle work on a bicycle ergometer— 


in A with the same subject and same resistance as in 


Fig. 4. It will be seen that although the breathing 
became deeper at first, when the work began, the 
depth later on began to diminish rapidly, till the 
experiment had to be stopped. By that time the 
face was getting blue, and there was great distress. 
When the resistance was removed the panting was 
so violent that in B the concertina had not time to 
fill itself between the respirations and was sucked 
empty, as shown by the tracing. In this connection 
it may be recalled that it was shown in a former 
paper 8) that the combination of excess of and 
want of oxygen produced a far greater lung-ventila- 
tion than either excess of CO, or want of oxygen by 
itself. Thus in J. S. H. the combination produced 


quite readily a ventilation of 130 litres a minute, or about 145 litres if 


| 


the air had been measured moist and at body temperature. 


. PH. LIII. 
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Fig. 4. Effects of resistance. 
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The effect of anoxwmia on fatigue and failure of the respiratory 
centre was also examined. We found that when anoxemia was present 
from the outset the shallow and rapid breathing set in much more 
rapidly. Fig. 6 shows a tracing illustrative of this. The resistance and 
subject were the same as in Figs. 4 and 5. The mixture breathed 
contained only 10-2 p.c. of oxygen. A shows the effect of breathing the 
mixture without other resistance than that of the apparatus. It will 
be seen that there is at first some hyperpnœa followed by a period of 
periodic breathing and that thereafter the breathing becomes pro- 
gressively quicker and shallower so that after about six minutes the rate 
has risen from 16 to 26 per minute. B shows the effect of breathing air 
through a resistance. The rate of respiration falls from 14 to 7 per minute 


| 


— 

— 


Fig. 5. oink 


14140 


and is maintained at this rate without distress for over eight minutes. 
C shows the effect of breathing the mixture containing 10-2 p.c. oxygen 
through the resistance. The anoxemia had already begun to cause 
quickness and shallowness of the breathing when the resistance was 
thrown in. The resistance at once caused slowing and deepening, but 
the onset of fatigue and consequent shallowness of respiration was very 
rapid and sudden—one minute. On again breathing air with added 
oxygen recovery followed and the breathing became deep and slow 
again. The delay in the effect when the mixture was again turned on 
arose from the fact that the concertina contained a great deal of oxygen 
which was only displaced by degrees. 

This experiment exemplifies very well the vicious circle mentioned 
above, as the shallow breathing increases the anoxemia, and death 
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would soon result unless either the resistance or the anoxemia were 
removed. In this connection we may refer back to Figs. 4 and 5 of a 
previous paper @, v. 428). These figures are a record of the effects of 
anoxemia in producing shallow and rapid breathing in J. S. H. This 
effect was really, however, a combination of the effects of anoxmmia 
and of the slight resistance of the recording apparatus. When the 
breathing of J. S. H. was perfectly free, as in a series of experiments at 
low atmospheric pressures by Haldane, Kellas and Kennaway’, 
there was only a slight increase in the rate of breathing. In J. B. S. H., 

however, who, as already mentioned, is very sensitive to resistance, the 
increased rate of breathing was very marked at the low atmospheric 
pressures and went to 45 per minute or higher. 

The effects of simple fatigue and of anoxemia are thus in the same 
direction, and accentuate one another. But, especially when fatigue 
effects begin to produce or accentuate anoxemia, a vicious circle is 
produced, and can only end in death unless relief comes. It is doubtless 
this vicious circle which makes any considerable anoxemia such a 
dangerous condition, and accounts, for instance, for the rapid death of 
balloonists who have gone to a height at which anoxemia becomes 
formidable. Failure of the respiratory centre seems to be the urgent and 
immediate source of danger. 

The study in the previous papers of the effects of shallow breathing 
and anoxemia originated from that of the shallow and rapid breathing 
in various forms of war neurasthenia and of the associated anoxemia. 

At first it seemed as if the defect in breathing was due to an exaggeration 
of the Hering-Breuer reflex, and of course this is true in a sense. The 
Hering-Breuer reflex appears to be exaggerated, and particularly in 
the cases which originated in gas poisoning, just as numerous other 
reflexes, such as circulatory or sweating reflexes or various emotional 
and other reflexes, appear to be exaggerated in various degrees in all 
neurasthenic cases. In simple fatigue, or primary anoxemia, however, 
there is a similar apparent exaggeration of the Hering-Breuer reflex; 
and in the apnoea produced by forced breathing there is the same 
apparent exaggeration. It is evident that in the cases of apnœa and 
anoxemia we are dealing, not with an exaggeration of a reflex, but with 
a partial failure or weakening in the vigour of the respiratory centre, 
so that the Hering-Breuer reflex is more easily liberated, or the switch 
turns more easily,’ to use the simile employed above. Probably the 
same reasoning applies to the various manifestations of neurasthenia 

* In course of publication. 
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and fatigue. When, for instance, the vigour of the respiratory centre 
has been impaired by nervous strain, by continued anoxemia, by anws- 
thetics, or by the toxic substances which are produced in infection or 
in injured tissues, shallow breathing is the necessary. result. The 
secondary anox#mia resulting from the shallow breathing may easily, 
also, become formidable owing to the vicious circle on which so much 
stress has already been laid above: or this secondary anoxemia may 
exaggerate and prolong the effects of the primary cause of disturbance. 

In any case the present investigation points to the great importance 
of failure of the respiratory centre, and to the therapeutic means, 
including oxygen administration, by which the causes or effects of 
this failure may be averted. Failure of the respiratory centre is evidently 
the immediate cause of many deaths which have hitherto been ascribed 
to failure of the heart. 

In conclusion, we wish to express our thanks for the help we have 
received from the Medical Research Committee, the British and 
Australian Army Medical Departments, and the staff of the Ashhurst 
Military Hospital. 

SuMMARY. 

1. The normal response to respiratory resistance is slowing and 
deepening of the breathing; and the physiology of the chemical and 
nervous regulation of breathing makes this response easily intelligible. 

2. With excessive resistance the respiratory centre begins after 
a time to become fatigued, and the breathing, as an equally natural 
consequence, becomes shallower and more frequent. 

3. Anoxemia hastens greatly the onset of fatigue and the ease 
with which it is produced. This explains the characteristic action of 
anoxemia in producing relatively shallow and frequent breathing. 

4. As shallow breathing is in itself both a result and a cause of 
anoxemia, a vicious circle of a very dangerous kind is apt to be produced 
by anoxeemia or any other cause which tends to impair the vigour of 
the respiratory centre. The immediate cause of death must, therefore, 
in many cases, be failure of the respiratory centre. 
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Ir a tissue will respond to an electric current there is a definite relation 
between the strength of current required to excite and the length of 
time for which it must be applied. The strength-duration curve has been 
determined for various tissues by Keith Lucas, Lapicque@) and 
others and it has been found that the time factor of the curve is approxi- 
mately constant for a given tissue, but varies widely from one tissue to 
another. Thus each excitable tissue shows a characteristic time-factor, 
and, as Keith Lucas pointed out (3), if two excitable tissues are present 
in any structure their existence may be detected by the complex form 
of the strength-duration curve which will be made up of two curves 
with different time-factors. For this reason the curve may be used as 
an instrument for analysing the excitatory mechanisms on which the 
electric stimulus takes effect. 

The problem considered in the following pages is whether the strength- 
duration curve of afferent nerves shows any indication of the presence 
of more than one excitable mechanism. On the theory of Head, Rivers 
and Sherren(4) the cutaneous sensory nerves are divisible into two 
distinct systems which have developed at different periods in the evolu- 
tion of the nervous system and are functionally and anatomically 
separable. It seemed possible that these two systems, the epicritic and 
the protopathic, might show a „ time- factor in their response 
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to currents of variable duration. There would be all the more reason 
to look for a difference in the time-factor if, as Ranson(5) has suggested, 
the protopathic fibres are non-medullated. It is true that the strength- 
duration curve has not been fully determined for non-medullated fibre 
because of the difficulty of obtaining any response at all to a single 
stimulus, but Lapicque(6) gives some figures obtained by the use of 
repeated condenser discharges and from these results it appears that 
the chronaxie (the constant of the curve which gives a measure of the 
time-factor) is from ten to one hundred times as long in non-medullated 
nerve as in the large medullated fibres of the same animal. Accordingly 
we should expect a non-medullated protopathic system of fibres to 
show a much longer chronaxie than a medullated epicritic system. It 
was with this prospect in view that the present experiments were under- 
taken. 


The strength-duration curve for motor nerves. 


The excitable tissues of the mammalia have not been investigated 
as thoroughly as those of amphibia and invertebrates, but the strength- 
duration curve of human motor nerve has been studied with some 
accuracy Owing to its importance in the diagnosis of cases of suspected 
nerve injury. This is a fortunate circumstance as it gives us a standard 
value for medullated nerve fibres in man. The details of measure- 
ment in the human subject have been described by Lapicque(?), 
Bourguignon(s) and others in France and by the present writer(9). 
For purposes of comparison it is convenient to take Lapicque’s con- 
stant, the chronaxie, as an expression of the time-factor of the curve. 
The chronaxie is simply the duration at which the current strength must 
be increased to twice its least value, and in human motor nerve it 
varies from -00008 sec. to -0006 sec. with an average value of -00025 sec. 

Fig. 1 shows two examples of the complete curve relating current 
strength and current duration for human motor nerve. The curve 
marked A refers to the external popliteal nerve in my left leg, that marked 
B is from the same nerve in another subject. The current was sent in 
by a large indifferent anode and a small pad cathode bandaged over the 
head of the fibula; the contractions of the extensor communis digitorum 
served as an index of excitation. In this, as in all the other curves, the 
weakest current which will excite at any duration is given the Value 10 
and the strengths required at shorter durations are expressed as multiples 
of this. 

The two curves show the order of variation which may be expected 
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‘in different individuals. In the curve A the current strength remains 
at its threshold value until the duration has been reduced to -0007 sec., 


at shorter durations the curve begins to rise and the strength must be 


doubled at -00012 sec. and trebled at -00010 sec. The chronaxie is 


therefore -00012 sec. In the curve B the current strength continues to 


fall off at much longer durations so that at -002 sec. it is still 1-5 times 
the threshold. Thus the chronaxie of the curve is -0004 sec., although 


the steep rise really occurs at much the same time in B as in A. The 
same differences are often found in preparations of muscle and nerve 
from the frog and Lucas showed them to depend on slight variations 


40 — — 


| 


„90006 001 2 
Duration (Secs. ) 
Fig. I. Strength · duration curve for human motor nerve 

(external popliteal). 


in the rate at which the tissue becomes adapted to the A Png 
current (1. p. 465). 

Such variations are to be expected in any measurements of the 
strength-duration curve, but they are very small compared with the 
differences which appear when we pass from one tissue to another. For 
instance, a denervated human muscle may give a chronaxie of -03 sec., 
about one hundred times as long as that of a motor fibre. Thus a chron- 
axie of any value between -00008 and -0006 sec. may be taken as typical 
of human motor nerve fibre and if we are dealing with similar fibres we 
should expect to find a strength-duration curve closely resembling those 
in Fig. 1. | 
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The electrical stimulation of sensory nerves. 

At first sight the application of this method to sensory nerves seems 
simple enough. We have only to plot the relation between the least 
duration and strength of current required to produce a sensation, to 
| determine whether the curve shows any signs of a discontinuity and to 
|, compare its time constants with the values previously found for medul- 

lated motor nerve. Actually the problem is a great deal more compli- 
cated, for we must reckon with the possibility that the current may 
excite nerve endings as well as nerve fibres and that different types of 
nerve ending may have different time constants. 
There is no doubt that the current may give rise to a sensation by 
stimulating the sensory fibres of a nerve trunk. When a faradic current 
is applied on the ulnar side of the elbow or over the head of the fibula 
it is often found that a current not strong enough to produce any mus- 
cular contraction will give rise to a discontinuous tingling sensation 
referred to the whole of the skin area innervated by the ulnar or external 
popliteal nerve, and there is no reason to suppose that any stimulation 
of end organs in these regions could be falsely localised over such a wide 
area. 
The possibility of exciting end organs as opposed to nerve fibres has 
been discussed by v. Frey do). Using a very small exploring electrode 
he was able to show that the sensory mechanism in the skin which re- 
sponds to electric stimulation has a punctate distribution which agrees 
more or less with the distribution of the pain and touch spots. He 
gives no definite proof that the current acts on the end organs rather 
Ai than on the nerve fibres supplying them, but he considers it likely that 
te both forms of stimulation may occur. However it is at least clear that 
there is a sensory mechanism in the skin which responds to an electric 
current in a manner quite different from that of a motor nerve, since 
the response may continue as long as the current is passing. If two 
electrodes of platinum wire or two blunt needles are placed so that 
their points touch the skin of the forearm with a separation of one or 
two millimetres the passage of a weak constant current will usually 
give rise to a painful, stinging sensation which is present during the 
whole of the period for which the current is passing. If the current is 
very weak the sensation may not begin until two or three seconds after 
the closure of the circuit; the sensation is perfectly continuous, it rises 
gradually into consciousness and it fades more rapidly when the circuit. 
is broken. This effect seems to correspond to that described by 
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v. Frey as due to the stimulation of the pain spots and the threshold 
stimulus certainly shows great variations in strength when the skin 
surface is explored systematically. 

If instead of needle electrodes we use a couple of small pads, 3 or 4 
mm. in diameter, and we apply these pads to a fold of skin and sub- 
cutaneous tissue pinched up from the surface of the arm or leg, we find 
that there is a new element in the sensation produced by a constant 
current. When the current is very weak it may give rise only to the 
stinging sensation maintained throughout the passage of the current, 
but if a stronger current is used it gives rise also to a very brief prick at 
make and break. It is difficult to describe this sensation in terms of 
the cutaneous sensations met with in every day life; as a rule the prick 
is not painful and its chief feature is its abruptness. It is very easily 
distinguished from the continuous stinging, and if the strength of the 
current is nicely adjusted the abrupt prick at make may be followed 
by an interval of a Second or two in which nothing is felt; after this the 
stinging rises gradually into consciousness and as the current is broken 
the abrupt prick at break is superimposed on the stinging. If the 
current strength is increased the stinging sensation comes on more 
rapidly, also if the current is three or four times its threshold value the 
make sensation is no longer a single prick but a discontinuous tingling 
or buzzing which seems to be made up of a number of pricks following 
in rapid succession. This tingling fades rapidly, its duration being pro- 
portional to the strength of the current, and as it fades the continuous 
stinging takes its place and remains until the current is broken. But 
even if there is no appreciable time interval between the onset of the 
two sensations it is generally possible to separate them by taking into 
account another important difference, namely the difference in their 
localisation. However painful the continuous stinging may be it is always 
referred to the skin in the immediate neighbourhood of the electrodes, 
whereas the prick at make and break or the tingling which follows the 
closure of a strong current is nearly always more widely diffused and 
usually appears to come from some more distant part of the limb. 
When the unipolar method of stimulation is used and the cathode is 
placed on the skin at a point where a large nerve trunk is near the 
surface, at the head of the fibula for instance, the false reference of the 
sensation at make may be so pronounced that it is widely separated in 
space as well as in time from the continuous stinging at the electrodes. 


The sequence of events is shown diagrammatically in Fig. 2, which is 


an attempt to give a graphic record of my sensations on the closure of 
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a constant current through the forearm. The anode was a large pad on 
the back of the arm and the cathode a small one, 1:5 cm. wide, applied 
to a spot which gave the referred sensation over a wide area on the radial 
border of the forearm and wrist. The dotted area shows the gradual 
onset of the stinging sensation localised at the point stimulated and the 
black areas show the discontinuous make and break sensations referred 
to more distant parts of the limb. No attempt has been made to express 
differences in the intensity of the sensations corresponding to different 
strengths of current, but the record shows how the tingling sensation 
takes the place of the single prick at make when the current is strong. 


— 0% 


Current 
Seconds 5 10 15 20 


Fig. 2. Sensations produced by a constant current. The 
black area indicates the discontinuoys referred sen- 
sation and the dotted area the continuous stinging 
at the electrodes. 


The exact order in which the different sensations appear, as the current 
strength is increased, depends on the arrangements of the electrodes, 
the thickness of the skin, eto. In Fig. 2 the make sensation appears at 
weaker strengths than the stinging, but the stinging is more pronounced 
when the electrode is very small and the current density much greater 
in the skin than in the deeper tissues. 

The explanation of the double sensory effect becomes quite clear 
when we take into account the fact that the continuous stinging sensation 
is never felt anywhere but in the region of the electrodes. For this 
reason it can scarcely be due to stimulation of the fibres of a nerve 


trunk. Also its gradual onset and its persistence during the passage of 
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a constant current is quite unlike the response of a motor nerve fibre, 
and it is particularly easy to elicit when there is a much greater concen- 
tration of current in the skin than elsewhere. All this goes to show that 
the stinging sensation is due to the stimulation of some mechanism 
which is confined to the skin, does not behave like a nerve fibre in its 
response to a constant current and cannot be excited by stimulating a 
nerve trunk. Such a mechanism is evidently the sensory end organ in 
the skin. It is equally clear that the make and break sensation is due 
to the stimulation of sensory nerve fibres since it is referred over the 
distribution of the nerve. It is possible that it may be produced by 
stimulating certain types of end organ as well, indeed the sensation 
seems to agree very closely with that which v. Frey described as due 
to the electric stimulation of touch spots, but if so these end organs 
must respond to a current in the same way as the nerve fibres. 

These results have been discussed at some length because it seemed 
at first sight as though the continuous stinging sensation might be due 
to the stimulation of protopathic fibres and the abrupt prick to the 
stimulation of the epicritic system. This hypothesis had to be abandoned 
when it was found that the stinging was never referred away from the 
point stimulated even with currents strong enough to affect most of the 
nerve trunks in the limb. The current certainly acts on two distinct 
- excitable mechanisms, but one of these mechanisms is situated in the 
skin and cannot be found in the nerve trunk, so that it can scarcely be 
identified with the protopathic system of nerve fibres. 

The results are also of some interest in view of the statement, 
repeated in many text- books di), that a sensory nerve responds continu- 
ously during the passage of a constant current. This is true enough of 
the end organ which gives rise to the stinging sensation, but it is not 
strictly true of the sensory nerve fibres unless the current is very strong. 
Actually if the current is not much stronger than its threshold value 
the referred sensation, which we have supposed. to be the response of 
the nerve as distinct from that of the end organ, is a single, abrupt 
prick at make and break. If the current is two or three times as strong 
as the threshold, the sensation at make is replaced by a tingling of brief 
duration, as though the prick were repeated rapidly for a short time. 
The tingling soon dies out in spite of the continued passage of the current, 
though it may last for several seconds if the current is strong. Thus in 
the experiment recorded in Fig. 2 the tingling was just detected when 
the current was 2-7 times the threshold value, it lasted about two 
seconds when the current was 3-6, four seconds when the current was 
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4-5 and twelve seconds when it was 6-9 times the threshold strength. 
Possibly the tingling would last indefinitely if the current were still 
further increased, but a current seven times the threshold is already so 
strong that it is very difficult to bear it with equanimity. 

This repeated excitation on the closure of a strong current is not 


_ peculiar to sensory nerve, for it is often met with in motor nerve as 


well da, particularly in conditions which increase the excitability of the 
tissue. In both types of, nerve the essential features of the make and 
break response are the same; the tissue adapts itself rapidly to the new 
conditions and the current is only an effective stimulus as long as the 
adaptation is incomplete. The make excitation may give rise to a train 
of impulses instead of to a single impulse, but sooner or later the tissue 
becomes adapted and no further impulses are set up until the conditions 
are altered again by breaking the current. Thus the statement that a 
sensory nerve responds continuously during the passage of a constant 
current needs a good deal of qualification. It may be true of very strong 
currents but as a rule the effect does not amount to anything more than 
a slight prolongation of the make excitation, and this only occurs with 
currents two or three times the threshold strength. 

It is, however, of great interest to find that the duration of the 
make sensation varies regularly in this way with the strength of the 
current, for it lends some colour to the suggestion that the graded 
response produced by stimulating a sensory nerve may depend on the 
number of impulses set up by the stimulus rather than on alterations 
in the intensity of the nervous impulse (13). 

The nature of the end organ response is very doubtful. Presumably 
the abnormal distribution of ions in the skin acts as a continued stimulus, 
and the end organ does not adapt itself to the new conditions in the 
same way as a nerve fibre. 8 

In any case it is clear that we have to reckon with two distinct 
sensations due to the passage of a constant current and of these only 
the referred sensation can be ascribed to the stimulation of nerve fibres. 
This result has important consequences when we attempt to analyse 


the sensory mechanism by currents of graded strength and duration. 


The strength-duration curve for sensory nerves and end organs. 

To a certain extent it is possible to restrict the stimulation to the end 
organ or the nerve fibre by altering the position and size of the electrodes. 
If two blunt needles a few mm. apart are used as electrodes there will be 
a high current density in the superficial layers of the skin just under the 
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point of the needle, but very little in the deeper layers, and with this 
arrangement the stinging sensation will be evoked by a much weaker 
current strength than the prick at make or break. The opposite effect 
will be produced by exploring the surface of the skin with a faradic 
current until the course of a sensory nerve is found and then stimulating 
in this region with a pad electrode 5 mm. or more in diameter. This 
avoids a very high concentration of current in the skin and makes it 
possible to obtain a pure make and break effect with a current too weak 
to affect the end organs. However, the separation is only possible when 
the currents are fairly near their threshold value. 

The curve relating the least strength and duration of current required 
to produce a sensation is determined in exactly the same way as the 
curve for motor nerve, with the difference that the success or failure of 
a given current is judged by the presence or absence of a definite sensa- 
tion instead of a muscular twitch. It is, of course, important to make 
sure that the current does not produce a muscular twitch as well, for 
in this case the sensation might be simply that of the muscle contracting 
and it would show when the current stimulated the motor and not the 
sensory fibres. The current which will just give rise to a sensation does 
not vary by more than 5 p.c. as a rule during a series of determinations 
and it does not vary appreciably with the state of fatigue of the observer, 
although a fatigued observer will return a greater percentage of doubtful 
answers. 

Fig. 3 shows three curves which give the time and strength relation 
for human sensory nerve. The presence of the abrupt, referréd prick 
was used as an indicator of a successful stimulation and the electrodes 
were arranged to give the abrupt prick at weaker strengths than the 
stinging. In the curve marked A the cathode was a small pad on the 
medial surface of the tibia at a point where the prick at make was 
particularly easy to elicit and was felt over a wide area, in B the electrodes 
were small pads on either side of the finger tip, and in C they were small 
pads on either side of a fold of skin from the forearm. The curves are 
from three different subjects; they agree fairly closely with one another 
and they also agree with a number of determinations which I have 
made on myself. The chronaxie varies from -00012 sec. in curve C to 
0003 sec. in curve A and values ranging from -00008 sec. to -00045,sec. 
were found in all the curves in which the abrupt, referred sensation was 
used as an index of excitation. The chronaxie of motor nerve fibres in 
man varies between limits which are almost identical with these, viz. 
00008 sec. to -0006 sec., and a comparison of Fig. 3 with Fig. 1 shows 
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that there is no essential difference between the strength-duration curve 
for motor and for sensory nerve fibres. 

This result agrees with the observations of L. and M. Lapieque noh 
on the afferent fibres of frogs and toads. They determined the chronaxie 
of the fibres in the sciatic for stimuli producing a reflex withdrawal of 
the foot and found values which were identical with those of the motor 
fibres.in the same animal. 7 

We may conclude then that the abrupt sensation at make and break 
is due to stimulation of fibres which have the same time-factor as those 
of a motor nerve. ~ 


Ouration (Secs. ) 


Fig. 3. Strength-duration curve for sensory nerve. Referred prick 
as index of sensation. 


Some attempt was made to determine the strength-duration curve 
for the end organ as well as for the nerve fibre. This involves using 
the stinging sensation instead of the prick as an index of excitation, and 
although it is easy to do this when the duration of the current is long, 
it is much more difficult to classify the sensation when the current is very 
short. The time-factor of the end organ is evidently slower than that of 
the nerve fibre, but how much slower it is difficult to say. Fig. 4 shows 
the result of two determinations in which the electrodes were arranged 
to produce the stinging with weaker currents than the prick and they 
probably give a fairly correct representation of the curve for the end 
organ when the current durations are long. With short durations the 
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interpretation of the curve is more doubtful; as the current was increased 
in strength it would be likely to take effect on the nerve fibres as well, 
indeed in the-lower curve a strong current of short duration gave rise 
to a sensation which was distinctly referred away from the point stimu- 
lated and there is also some indication of a discontinuity in the curve 
at a duration of about -0008 sec. Consequently the upper part of the 
curve cannot be taken as a true indication of the behaviour of the end 
organ. At longer durations the curve falls more slowly than the curve 
for nerve fibre and in both cases the chronaxie is -0008 sec., about 
twice as long as that for nerve fibre. A few determinations gave some 
indication of a much longer time-factor for the stinging sensation, but 
the difficulty of observation makes them of little value. 

No attempt was made to work out these curves with greater accuracy 
as we are concerned more especially with the time relations of the nerve 
fibres as distinct from those of the end organs. The curves in Fig. 3 
show no evidence of any discontinuity and their time-factor is simply 
that of medullated nerve fibre. But as a matter of fact there is no reason 
_ why they should reveal the presence of protopathic fibres at all, for the 
sensation which was used as an index of the success or failure of the 
stimulus was one which would not be conveyed by the protopathic 
system. In most parts of the skin surface the abrupt prick caused by a 
current which is only just strong enough to elicit it is not painful and 
has no thermal quality, whereas the protopathic system is said to be 
concerned only with sensations of pain, heat and cold. Consequently, 
although the prick sensation cannot be absolutely identified with any 
of the characteristic epicritic sensations, yet we must regard the stimu- 
lation as confined to the epicritic system only, and there is no reason to 
expect the curve to show evidence of more than one set of nerve fibres. 
We cannot maintain that both groups of fibres have the same time- 
factor unless we determine the strength-duration curve for currents 


giving rise to painful as well as to non-painful sensations. 
The strength-duration curve for currents giving rise to pain. 

At first sight there appears to be good evidence that stimuli which 
produce pain do take effect on a system of nerve fibres with a slower 
time-factor than that of motor fibres or of the afferent fibres which are 
Concerned with painless sensation. It is well known that an induction 
coil which gives a wave of long duration in the secondary is more painful 
but not more effective in stimulating motor nerves than a coil with a 
shorter wave, and in general a current of long duration is recognised as 
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being more painful than one of short duration. However, if we try to 
map out the curve relating the least strength and duration of currents 
giving rise to painful sensations it becomes obvious at once that this 
result may depend on a number of factors which have nothing to do 
with the time constant of the afferent fibres. In the first place the pain- 
ful sensation may be due to stimulation of the end organ apparatus, 
and we may obtain a curve with the same time relations as those in 
Fig. 4. If we try to avoid stimulating the pain spots and make use of 
the referred sensation as indicator we may find a curve with a very 
* long time-factor or one which is only very slightly longer than that of 
"40 


Strength 
° 
' 


* 


Duration (Secs. ) 


: Fig. 4. Strength-duration curve for end organ. Stinging sensation 
7 as index of excitation. 


motor nerve. This wide variation may depend in part on the great 
difficulty of classifying the sensation as painful or painless, but it 
certainly depends also on variations in the quality of the make and break 
sensation in different parts of the skin. In most places the referred sensa- 
tion is not definitely painful as long as it amounts to a single abrupt 
prick. If a stronger current is used the make sensation begins to have 
an appreciable duration and still greater strengths may give a tingling 
lasting for several seconds. The tingling is certainly painful and the 
_ prick is usually judged as painful when it lasts an appreciable time. 
When the current is broken the sensation is always a single prick, and 
| it is rarely painful however strong the current may have been. Thus 
PH, Lin. 6 
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the unpleasant quality of the sensation seems to be due in part at least 
to the repeated excitation which occurs at the make of a strong current 
and not to the character of the individual excitations. This repeated 
excitation can only take place whilst the current is flowing and it 
ceases directly the circuit is broken; for this reason a current of very 
short duration will have less chance of bringing about a repeated excita- 
tion of the nerve fibres and therefore less chance of giving rise to a 
painful sensation. This explanation would account for the long time- 
factor which is often found in the strength-duration curve for painful 
currents and it is supported by the fact that the time-factor is much 
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Duration (Secs. ) 
Fig. 5. Strength-duration curve for sensation produced by 

shorter when the relation is investigated in parts of the skin where the 
single prick is itself painful although it has no appreciable duration. 

This condition is sometimes realised when the electrodes are applied 
to the finger tip or the forearm, but it is invariably present in the glans 
penis. Here the sensation at make and break is definitely painful when- 
ever it is felt at all. The glans is therefore the ideal region in which to 
investigate the time and strength relations of the exciting current, for 
we have only to determine whether a given stimulus is felt or not; if it 
is felt at all it is painful, and there is no need to make the very difficult 
classification of sensations which are on the border line between painful 
and painless. Two curves for the glans penis are shown in Fig. 5. The 
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electrodes were small pads about 3 mm. in diameter applied on either 
side of the glans about a third of the way between the tip and the 
corona. The two curves agree very closely with one another, the chron- 

axie being -00028 sec. in either case. In three other determinations the 
chronaxie was -00012 sec., -00025 sec. and -00035 sec. The mean value, 
-00025 sec., is slightly longer than the mean of ten determinations of the 
painless sensation obtained by stimulating in other parts of the skin. 
These gave a mean of -00019 sec. with extremes of -00008 sec. and -00045 
sec., so that the mean value for the painful sensation of the glans lies 
well within the normal range of variation for painless sensation, and 
also well within the normal limits for motor nerve fibre. 

Thus the painful sensation produced by stimulating the glans penis 
travels in nerve fibres which have the same time constant as that of 
medullated motor nerve. In this instance at least the fibres which 
convey pain have the same time constant as the fibres which convey 
sensations akin to touch. The same conclusion is indicated by 
Lapicque’s determination of the chronaxie of the afferent fibres of 
the frog’s sciatic, for he used a stimulus which caused reflex withdrawal 
of the foot and found a chronaxie identical with that of the motor nerve 
fibres. Since the stimulus caused a withdrawal of the foot it would 
presumably be classed as painful. 

What bearing have these results on the separation of the afferent 
nerves from the skin into protopathic and epicritic? As the surface of 
the glans is said to possess protopathic sensation only and as pain is one 
of the sensations conveyed by the protopathic system and not by the 
epicritic, it seems reasonable to conclude that there is no clearly measur- 
able difference in the time constant of the two sets of fibres. However, 
it is possible that the current which gives rise to pain in the glans, and 
to a nociceptive reflex when the sciatic is stimulated, takes effect on 
the nerve fibres which are concerned with deep sensation and not on 
those of the protopathic system. It is very unlikely that a current sent 
in by electrodes on the skin should stimulate the fibres of deep sensation 
rather than those on the surface, but it is just possible that the proto- 
pathic fibres are relatively inexcitable to constant currents. All that 
can be said is that the present method of enquiry gives no evidence of 
two sets of sensory nerves with different time constants. It may be 
that both sets have the same constant, or there is the possibility that 
one set will not respond to electric stimulation. 

On the other hand it is difficult to reconcile these results with the 
suggestion of Ranson that pain is conveyed by non-medullated fibres. 
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This suggestion applies not only to pain from the skin, but also to pain 
arising in the deeper tissues. It is conceivable that these non-medullated 
fibres may have the same time constant as a medullated motor nerve 
fibre, but if so it is evident that they must be of a very different type 
from the non-medullated fibres in other parts of the body. 


CoNCLUSIONS. 3 

The paper deals with an attempt to analyse the sensory nerves in 
man by determining their response to constant currents of variable 
strength and variable duration. It seemed possible that the curve con- 
necting the strength and duration of the current required to produce a 
sensation might show some evidence of the existence of two sets of 
afferent nerve fibres with different time relations corresponding to the 
protopathic and epicritic systems described by Head and Rivers. 
Actually the curves do not show any discontinuity and they have the 
same time constant as the curves obtained by stimulating motor nerves 
in man. In both cases the chronaxie varies from -00008 sec. to -0006 
sec., whereas in denervated human muscle it may be as long as -03 sec. 
When the glans penis is stimulated the sensation is always painful, but 
the strength-duration curve has the same time constant as before. It 
is difficult to reconcile this with Ranson’s suggestion that impulses 
giving rise to pain travel in non-medullated nerve fibres, since Lapicq ue 
has shown that in the frog the chronaxie of non-medullated nerve fibres 
is from 10 to 100 times as long as in motor nerve. In other parts of the 
body the strength-duration curve for painful stimulation may show a 
longer chronaxie, but this is due partly to stimulation of end organs 
and partly to the fact that a current of long duration may give rise to 
repeated excitations and that the repeated impulses may give rise to 
an unpleasant sensation when a single impulse does not. 7 

The conclusions neither prove nor disprove the theory of Head and 
Rivers; but it seems probable that there is no great structural difference 
in the fibres concerned with protopathic and epicritic sensation. 

It is important to distinguish the effects of currents on the end organs 
and on the nerve fibres. A constant current of long duration may give 
rise to a continued stinging sensation when it stimulates the former, but 
the nerve fibre responds only at the make and break unless the current 
strength is much above its threshold value. A strong current causes 
repeated excitations at make and these continue for a time which varies 
with the strength of the current. There is, however, no essential difference 
between the response of a sensory fibre and that of a motor fibre. 
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A STUDY OF THE SEASONAL CHANGES IN AVIAN 
TESTES. By ALEXANDER WATSON. 


(From the Physiological Department of Glasgow University.) 


Son the interstitial cells of the testes were first described by Leydig 
in 1850 numerous observations have been made on their development 
in relationship to the increase in the size of the testes which occurs in 
many vertebrates during the seasonal periods of active spermatogenesis. 
An increase in the number of interstitial cells in these periods has been 
described by Hansemann(é6) in the marmot, by Rasmussen) in the 
woodchuck (ground hog), by Friedmann(4) and by Mazette(s) in the 
frog. Ganfini(s) found in the marmot an increase in size of the inter- 
stitial cells without an increase in number. On the other hand 
Rega nd ah, Tandler and Grosz da) and le Caillon(7) in the mole and 
Champyo) in the frog found little or no increase of the interstitial cells 
during the period of active spermatogenesis but an increase as the 
spermatogenesis declined. My observations have been made on the 
bird on which very little work has been done, though Reeves do) 
describes the interstitial cells in the chick as being more numerous at 
3-5} months than later and Boring and Pearlq) found the interstitial - 
cells only in the newly hatched chick. 

My investigation was undertaken to study the seasonal changes in 
the avian testes. The work was at first carried out on sparrows but had 
to be abandoned as these birds are difficult to trap during the summer 
months. It was then decided that the greenfinch (Ligurinus chloris) 
would be the best bird to make use of as it only nested once in the year 
and was easily procurable. A number of freshly captured birds were 
got each month as it was considered that the results would be more 
reliable from them than from birds kept in captivity. They were killed 
with chloroform vapour and the testes removed and fixed in picro- 
formol. In some of the birds it was found that only one testes had 
developed. This has been noted by Elliot Coues@). 
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The testes vary in size with the time of the year. In early summer 
(May and June) they are as big as a whole pea and in early winter (No- 
vember) they are no bigger than a pin head. During the first winter of 
the ifvestigation great difficulty was found in distinguishing between 
adult birds and those which were fledglings of that year. More familiarity 
with the bird removed this difficulty during the second winter. Serial 
sections were cut from a number of testes each month. All the sections 
were stained by Weigert’s iron haematoxylin method. The diameter 
of sections from the centre of each organ was measured by means of an 
eyepiece micrometer. The results are given in Fig. 1. 
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It will be observed that from the month of October, when the testes 
are found at their minimum, they slowly increase in size until the 
month of January, when they increase more rapidly until the month of 
June after which begins a regressive change. 

In October the testes may be said to be cellular or in an embryonic 
state. The tunica albuginea is chiefly composed of cells with elongated 
nuclei, true fibrous tissue not being visible. The tubules show no fibrous 
tissue in their coat except a thin band of fibres that acts as the basement 
membrane of the intra-tubular cells. These are columnar in shape and 
are very compact, the free borders touching one another so that no 
lumen is visible. There is no sign of cell division. 
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See A. WATSON. 


In the interstitial tissue two types of cell are seen: 

1. Fibrous tissue cells. 

2. Cells chiefly arranged round the tubules having a large rounded 
nucleus with numerous granules staining deeply and a cytoplasm 
which can be made out with difficulty (Fig. 2 a). 

Blood capillaries are present in the interstitial tissue. 

In November there does not seem to be any change in the state of 
the tunica albuginea or interstitial tissue but some of the tubules now 
show two rows of nuclei. In other tubules there is only one row, the 


nuclei are now close together and are oval in shape and in some tubules — 


a. October. Shows arrangement of interstitial cells around the tubules, and the columnar 
form of intra-tubular cells. 

b. March. Shows the two types of interstitial cells. 

| Camera lucida drawing. Lens, 4 mm. 


where thedumen is beginning to show a faint cell outline can be seen. 
The protoplasm is finely granular. 

In December the tunica albuginea has become more fibrous but still 
shows a large number of cells which have round nuclei, the whole having 
the appearance of young fibrous tissue. The intra-tubular structure 
shows no marked change from the preceding month, but there is an 
increase in the number of interstitial cells (type 2). They now form a 
thick coat of several layers around the tubules and also occupy the 
spaces between the tubules which are now wider apart. Blood sinusoids 
are now present i in the interstitial tissue and vessels containing corpuscles 
_ can be seen in the tunica albuginea. 
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In January the tunica albuginea shows a slight advance towards true 
fibrous tissue, the outer half of the coat shows elongated nuclei and the 
inner half still retains the rounded form. In the tubules there are now 
two irregular rows of nuclei for which no distinct characteristic cell body 


can be made out. The nuclei vary in size, some are very large. The 


whole picture is one of active cell division. The interstitial tissue shows 
some fibrous tissue, the interstitial cells with the granular nuclei are 
not so numerous and there are only two rows around the tubules. The 
cells vary in size but all seem to belong to type 2. 

By February the tunica albuginea has lost its cellular appearance 
and is now fibrous. The tubules have also got a distinct fibrous covering. 
The nuclei of the cells which surround the tubules have become elongated. 
The changes in the tunica albuginea and the coats of the tubules are 
simultaneous. The intra-tubular cells are now quite distinct from one 
another, most cells have a very large nucleus with a prominent nucle- 
olus. The interstitial tissue has become very vascular, but there is not 
much difference in the number of cells from that found in January. 

In March the tubules are wider apart than in any previous month 
and in the wide interstitial spaces thus formed two types of epithelioid 
cell are found. | 

1. The small cells of type 2, which are always present except in 
July, but they are not now so numerous as in previous months. 

2. A cell with a large nucleus which shows no chromatin network, 


appears for the first time. 


The cells of the tubules show very active division; some of them 
show karyokinetic figures (Fig. 2 b). 

In April there are very few interstitial cells. There are now three 
or four layers of intra-tubular cells arranged in an orderly way, and it is 
during this month that cells appear that resemble Sertoli’s cells. In 
the lumen of the tubules there are masses of spermatogonids and cells 
of various sizes. 

In May there are still fewer interstitial cells to be seen and only 
those with a rounded granular nucleus(2) are present, but well formed 
arteries and veins are now present in the interstitial tissue. The tubules 
are well developed and free spermatozoa are present (Fig. 3 a). 

In June the interstitial cells are few and belong to type 2, and are 
found massed together in the angles formed by the tubules. The sper- 
matozoa are now found to be arranged in bundles with their heads 
towards Sertoli’s cells. 

In J uly no interstitial cells are visible. The tubules are separated 
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from one another only by a thin fibrous septum. The cells in the tubules 
have an indistinct outline and the nuclei have enlarged. Spermatozoa 
are still present in some tubules (Fig. 3 ö). 

From this month the retrogressive change is very rapid. The tunica 
albuginea which has been of a. dense fibrous nature since February now 
shows a large number of nuclei of two types, the elongated form and the 
round one as in January. The fibrous boat of the tubules shows a similar 
change. The tubules decrease in size and interstitial spaces increase 


and by the end of August interstitial cells are again present in large 
amount. In the tubules the only cells present are columnar cells which 


Fig. 3. 
a. May. Shows well-formed blood vessels, few interstitial cells and karyokinetic figures 
in the intra-tubular cells. 


b. July. Shows absence of interstitial cells and degenerative changes in the tubules. 
Camera lucida drawing. Lens, 4 mm. 


are vacuolated and granular, the granules being confined to the upper 
two-thirds of the cells. In the lumen of the tubules there are some large 
round cells, but no sperms. 

The source of these interstitial cells has still to be determined. In 
appearance they are markedly epithelioid, but the way in which they 
appear and disappear suggests that they may be modified fibrous tissue 
cells. Rasmussen and Mazette believe them to be of connective 
tissue origin. On this subject further developmental work is required. 
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CONCLUSIONS. 


These observations indicate that in the bird the epithelioid inter- 
stitial cells of the testes show their most marked development in the 


non-cestrous period and that as the spermatogenesis advances they 
decrease in number. 


They accord then with the results of Tandler and Grosz in the 
mole. 

My thanks are due to Prof. Nosl Pa ton for kindly help during the 
prosecution of the work. 


The expenses of this research were paid from a grant given by the Carnegie Trust. 
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STUDIES IN THE REGENERATION OF DENERVATED 
MAMMALIAN MUSCLE. I. Volume Changes and Tem- 
perature Changes. By F. A. HARTMAN, S/Ser., W. E. 
BLATZ anv L. G. KILBORN. 


(From the Laboratories of the Military School of Orthopedic Surgery and 
Physiotherapy, Hart House, and of the Department of Physiology, 
University of Toronto, Toronto, Canada.) 

In conjunction with a study of the influence of treatment on denervated 

muscle we have carried out investigations concerning the circulatory 

changes which take place in it. 


I. VOLUME CHANGES. 


One of the immediate results which is known to occur after severing 
the nerve to a muscle is a dilatation of the blood vessels thus cut off 
from the nerve supply. This leads to an increase in the volume of the 
limb. We have studied these volume changes by means of the plethys- 
mograph. 

Methods. Cats were the subjects for these experiments. They were 
anesthetised with urethane except in one experiment where éther was 
employed. Volume changes were studied in one or both hind limbs, 
when both were used one served as a control. The limb was enclosed 
either in a glass or tin cylinder, which was made air-tight by packing 
a vaseline-cotton-wool mixture between the thigh and cylinder mouth. 
The eylinder was connected to a Brodie bellows of such a capacity that 
it would be sure to accommodate the volume changes in the limb. 
The experiments were performed in a “constant” temperature room 
which was devised by the late Professor Brodie. Records were kept of 
the temperatures of both the room and air within the plethysmograph. 


Loss of heat from the plethysmograph was prevented a thick wrapping 
of cotton-wool. 


* Approved for publication by J. T. Fotheringham, Major-General, Assistant 
Director - General of Medical Services, Department of Militia and Defence, Ottawa, Canada. 

Funds for this research were contributed by the Government of Canada, the University 
of Toronto and private subscription. 
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The sciatic and femoral nerves, in the limb to be denervated, were 
prepared for sectioning before fitting the plethysmographs in place. 
The former nerve was exposed just after it left the sciatic notch, and 
the latter where it emerged from under Poupart’s ligament. A ligature 
was passed under the femoral nerve so that it could be lifted for cutting 
when desired. This method was not satisfactory in the case of the 
sciatic nerve because when the plethysmograph was in place the nerve 


could not be cut without pulling, nor could the plethysmograph be 
disturbed. In order to discover how much the stretching of the nerve 
might vitiate the results, the sciatic nerve was merely pulled after the 
limb had been enclosed in a plethysmograph. The volume change was 
almost as much as in a denervated limb. Of course the tension was 
greater than that which accompanies the preparation of the nerve for 
cutting. But it serves to demonstrate the care needed in preparing the 
nerves for cutting in these experiments. Therefore an instrument was 
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devised which could be put in place so that the nerve could be cut at 
any time without moving the plethysmograph or stretching the nerve. 

The neurotome (Fig. 1) is a small tube (O) plugged at the lower 
end (a). A hole (6) large enough to receive the nerve is cut in the side. 
The escape of the nerve when in position is prevented by a well-fitting 
outer cylinder (B) with a projecting tongue (c), which is pushed into 
place from above (see D). The knife (A) is shaped like a chisel and is 
as wide as the internal diameter of the inner cylinder. This chisel (d) is 
fastened at the end of a brass rod (e) which fits snugly inside the inner 
tube. A bed for the chisel to work against is furnished by making a slot 
in the plug (a) at the lower end of the tube, to receive the cutting edge. 
A small screw ( A fastened in one side of tube (C) projects into a groove 
(e) in 4. This prevents turning of the chisel, The same screw holds 
outer tube (B) in position, not only preventing rotation, but limiting its 
movement by slot X. (D) shows the instrument assembled. | 

After the nerves had been prepared for sectioning, the cylinder was 
put in place, and a record started on a slowly-moving kymograph. 
After the lapse of 30 to 60 minutes, when we were certain that the limb 
volume was constant, the nerves were cut. Records of the room tempera- 
ture, rectal temperature, and of the air in the plethysmograph were 
taken every half hour in the early part of the experiment, and later 
every hour. 

Results. A cat under ether served as the first subject. Blood pressure 
from the carotid artery was registered every 30 minutes. The blood 
pressure fluctuated from 107 mm. to 128 mm. during the first five hours 
after denervation; then it gradually fell until it was 81 mm. at the 
seventh hour. The animal died at the end of eight hours. Maximum 
dilatation was reached five and one-half hours after denervation. 

In a second cat under urethane the maximum dilatation was reached’ 
six hours after denervation. The blood pressure showed little change 
until the ninth hour when from a pressure of 92 mm. it gradually fell 
to 63 mm. by the end of the thirtieth hour. Unfortunately the tempera- 
ture of the room was not controlled, so that a reduction in volume during 
the latter hours of the experiment cannot be taken as of any great 
significance. 

Two more experiments were performed, in which changes only in 
the denervated limb were studied. In the first the maximum dilatation 
occurred 5-7 hrs. after denervation. This was one-half hour after the 
maximum temperature of the air within the plethysmograph was 
reached. These changes were independent of the room and rectal 
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temperatures after the third hour. In the second animal, the maximum 
dilatation had developed at the end of the second hour. And then after 
an hour of little change, there was a fairly steady reduction in volume, 
especially pronounced during the succeeding six hours. This decrease 
in volume was too great to be accounted for entirély by the decrease in 
rectal and plethysmographic temperature (see Fig. 2). By the end of 
the seventeenth hour the plethysmographic volume had returned to a 
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„ Room temperature. 
Rectal temperature. 
—— Temperature of air in plethysmograph. 
— Zerves cut. 
Fig. 2. Volume change in denervated hind limb. Heavy line represents 
limb volume. 5 


little below normal. However, this was in part due to a fall in temperature 
of air within the plethysmograph. But by the forty-first hour there was 
a decided reduction in the volume of the limb which was independent of 
a reduction in air temperature within the plethysmograph because that 
temperature had again returned to its former height. This reduction of 
the limb volume continued to increase although the temperatures were 
not decreased. This experiment would seem to indicate that there is an 
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over- recovery of the volume of the limb after dilatation and that this 
may be independent of a lowering of temperature in the limb. Indeed 
it appears that the limb temperature may remain as high as at the time 
of maximum dilatation. The bellows did not leak, and the animal 
remained in good condition, as indicated by the blood-pressure, until 
the experiment was stopped (75 hrs.). The blood-pressure was 114 mm. 
at that time. The animal had recovered sufficiently from the urethane 
to give the corneal reflex. 

In an attempt to secure better evidence of an over-recovery of the 
volume of the denervated limb, volume changes of both normal and 
denervated limbs were studied in three cats. 

Unfortunately in the first experiment, the room temperature was 
allowed to drop after the seventh hour, so that constriction in the bellows 
took place as a direct result of this fall in temperature of the external 
air. However, the maximum dilatation had been reached at the fourth 
hour and the change was reversed within a few minutes, so that a steady 
constriction ensued. That this constriction was independent of any 
external influence, at least up to the ninth hour, was shown by the 
maintenance of the temperature of the air within the plethysmographs 
surrounding both limbs; moreover the normal limb did not constrict 
until the tenth hour. At the ninth hour the denervated limb had 
recovered its normal volume, as indicated by the bellows. Therefore 
this experiment tends to confirm the observation in the preceding 
experiment, that dilatation from denervation is recovered from in the 
course of several hours. The temperature within the plethysmograph 
surrounding the denervated limb did not begin to fall until four hours 
after the constriction had commenced. This also confirms the result 
in the previous experiment. 

In the next experiment the room temperature was carefully con- 
trolled. Here again constriction of the denervated limb occurred 
unaccompanied by any fall of temperature of the limb as indicated by 
the air in the plethysmograph (Fig. 3). The maximum dilatation was 
reached in five hours, while the maximum temperature rise of the 
plethysmographic air had occurred in about two hours. 

These results were further confirmed by a third experiment lasting 
twenty hours. In this, maximum dilatation was reached in two and 
one-half hours. From that time constriction took place, although so 
slowly that the normal volume had not been recovered until twenty 
hours after denervation. The temperature within the plethysmograph, 
however, did not fall until the fifteenth hour. 
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We next attempted to get some idea of the quantitative change in 
the volume of a limb after denervation. In order to reduce the amount 
of air which might expand from the increased temperature of the limb, 
| the cylinders were filled with cotton-seed oil after being carefully fitted 

to the limbs, merely the tube and bellows and a small space near the 
opening of the tube containing air. At the end of the experiment, 
immediately after the death of the animal, the temperature of the oil 
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Fig. 3. Volume change in a denervated limb. Slower recovery 
than in Fig. 2. Upper heavy line, volume of denervated hind 
limb. Lower heavy line, volume of normal limb. 


| was raised by external heat, then by noting the temperature increase, 
together with the bellows changes, we could tell approximately the 
volume increase for each increase of a degree. By subtracting the 
expansion which would be due to rise of temperature of the air in the 
plethysmograph during the experiment the volume increase due to 
expansion of the limb was estimated. According to this method the 
N limb actually expanded 2-7 c. 0. The volume of the limb was determined 
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by displacing water from a cylinder. This method of course could not 
be accurate, but it gave a fair idea of the magnitude involved. The 
denervated limb was found in this manner to be 105 c.c. in volume. The 
percentage expansion then was about 2-5. 


Gaskellq) reached the conclusion that the increased blood flow due 
to denervation was very transient in character. He studied the venous 
flow from the extensor vein in dogs. The maximum increase in flow 
was attained in 20 to 40 seconds. The increase disappeared in from 
two to four minutes, and if amounted to as much as-nine to eighteen 
times the normal. He showed that the quick recovery to the normal 
rate of flow was not due to loss of blood, because if he waited for a few 
minutes after cutting the nerve before the blood was permitted to 
escape, the rate of flow was normal. 

Goltz@) believed that the dilatation resulting from nerve section 
was due to excitation of vasodilators. If that is correct rather quick 
recovery of the vessels should be expected as the effect of stimulation 
would not last long. | 

Our observations are based on the volume change which may or 
may not indicate a change in rate of flow. In view of Gaskell’s work 
the most plausible explanation of our result is that following the 
transient dilatation and resulting increase in flow, there is constriction 
at some region such as the arterioles, capillaries or venules, while the 
other vessels continue to dilate or remain in an expanded condition. 
Thus the rate of flow might be quickly reduced to normal, but owing to 
the congestion the limb still remains dilated. Then as time went on the 
congested vessels gradually recovered their former size, so that in the 
course of many hours the congestion or dilatation would disappear. 
If this is the correct interpretation, the increase in volume does not 
indicate an increased circulation to the limb. In fact the rate of flow 
might actually decrease. 

On the other hand such an interpretation would not account for the 
prolonged rise in temperature which has been observed by many 
investigators G, 3). This must be due to either increased circulation 
or else to a local increase in heat production. As far as we know, heat 
production in muscle is associated with contraction. Therefore increase 
in tone or contraction would be necessary to account for such a condition. 
The only indications of increased muscular activity are the observations 
by Schiff() and others that fibrillation occurs in denervated muscle. 
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However, Langley and Kato(5) did not observe fibrillation until four 
days after nerve section. This makes a considerable gap during which 
fibrillation apparently could not account for a local temperature increase. 

The increase in volume together with the increase in temperature 
seem to indicate a prolonged circulatory increase after nerve section. 
We are unable at present to reconcile this view with Gaskell’s work. 


II. TEMPERATURE CHANGES. 


It is well known that the temperature of a muscle is increased after 
denervation. Goltz@) studied the change in skin temperature in a 
denervated limb. He found that the increased temperature persisted. 
from ten to twenty-eight days. His method, however, did not permit 
very exact observations. Heidenhain observed the temperature 
of denervated muscle by means of a very sensitive thermoelectric couple. 
He came to the conclusion that the rise of temperature often lasted for 
weeks. Many others d. % have found similar results. 

We have tried to follow the temperature changes over longer periods 
of time than was done by the earlier workers. For example, where they 
made observations continuously for but a few hours after denervation, 
we have done so for two or three days in some cases. . 

Methods. Cats were used as in the volume experiments. They were 
placed under the influence of urethane in experiments of long duration, 
but when only one set of readings was desired ether was employed. 
The animal was protected from loss of heat by covering with cotton-wool 
and by carrying on the experiment in an unusually warm room. Some- 
times artificial heat was supplied by means of an electric heater arranged 
to reflect upon the animal. Many of the experiments were conducted 
in a “constant” temperature room. Artificial heat was furnished by 
8 o. p. carbon lamps located in different parts of the room near the floor. 
These lamps were turned on or off as the temperature showed a tendency 
to vary. The room was ventilated by an electric fan. Undue loss of 
heat from opening the door was prevented by a vestibule and second 
door 


The femoral and sciatic nerves were exposed and cut with a neuro- 
tome as described in § I. 

We used very sensitive mercury thermometers which registered 
from — 5° to 50 C. They were graduated in tenths of a degree and each 
division was great enough (each degree was 6-5 mm.) so that hundredths 
could be estimated. Readings were made by means of a lens. These 
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thermometers had been carefully compared with each other at tempera- 
tures ranging from 18° C. to 40° C., so that all readings could be corrected. 
In order to determine the temperature within the limb, thermometers 
were inserted through slits in the skin between the muscles and allowed 
to remain there throughout the experiment. One thermometer (“distal 40. 
was inserted next to the inner surface of the gastrocnemius by passing 
it through the skin at one side of the tendon of Achilles and then back 
well up under the belly of the muscle. For the other thermometer 
(“proximal”) an opening was made in the skin opposite the popliteal 
fossa. Through this the thermometer was passed upward and under- 
neath the thigh muscles. Both hind limbs were thus supplied with 
thermometers. The rectal thermometer was inserted as deeply as 
possible into the rectum. Although one limb served as a control, the 
temperatures in the limb to be denervated were determined over a period 
of at least one hour preceding the cutting of the nerves. The thermo- 
meters were not changed in position, once the experiment was started. 
Temperature increase in a denervated limb. The first experiment ran 
for ten hours following the denervation. The temperatures of the dener- 
vated limb increased rapidly for ten minutes following the cutting of 
the nerves and then slowly during the remainder of one and one-half 
hours, after which they maintained a course parallel with those in the 
normal limb, but from 0-4° to 0-5° C. higher. The four thermometers 
in the limbs showed an increase in proportion to the increase in rectal 
temperature which developed during the experiment. The different 
temperatures at different stages of the experiment were as follows: 


Just before 1°3 hrs after 255 hrs after 3°5 hrs after 7 hrs after 
denervation denervation denervation denervation denervation 


Rectal ie * 32°83°C, 33-80° C. 34-65° C. 35-30° C. 36-06° C. 
Denervated “proxi- 

mal” limb * 31-80 33-40 34-00 34-60 35-25 
Normal “proximal” 31-70 32-90 33-55 34-15 34-75 
Denervated “distal” 

limb ese — 30-15 32-62 33-3 34-0 34-20 
Normal distal limb 30-40 31-83 32-8 33-7 33-4 


In a second experiment of this kind the thermometers had been 
sterilised and aseptic precautions were observed in inserting them 
beneath the muscles. The temperatures (Fig. 4) were taken at 10 minute 
intervals for 50 minutes preceding the sectioning of the nerves. After- 
wards they were read at intervals of at first five minutes, then fifteen 
minutes, later thirty minutes, and finally one hour and two hours in 
length. The temperatures were registered for 60 hours after cutting the 
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nerves, The animal appeared to be in good condition up to the forty- 
fourth hour, and remained under the influence of urethane. At that 
time a fever developed, due to tracheal infection. It died from occlusion 
of the trachea by mucous and pus at about the sixty-third hour. 
Throughout the experiment the temperature of the normal limb tended 
to keep parallel with the rectal temperature, but from 0-5° to 0-9° C. 
below. This difference became greatest when the room temperature 


sT°c. i 2 8 13 24 25 42 as 44 


meme Denervated hamstring muscles. — Wormal hamstr muscles. 
— Denervated gastrocnemius group - — group 


Fig. 4. A comparison of temperatures within the normal and denervated hind limbs 
of a cat. Shows the effect of varying the room temperature, upon distal and 
“proximal” temperatures in the normal and denervated limbs. Time, hours. 


was lowest, especially in the region of the distal thermometer. On the 
other hand the temperature of the denervated limb increased 0-4° C. 
during the first ten minutes after cutting the nerves; This increase 
became gradually greater during the first hour until it was about 0-5° C. 
more than the normal limb. 

There was some fluctuation in the temperature difference between 
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the normal and denervated limbs, it being greatest when the general 
body temperature (as determined by rectum) was lowered by allowing 
the room temperature to fall. Then the difference between the proximal 
thermometers became as great as 0-9° C. while that between the distal 
thermometers was as large as 1-5° C. The temperature difference became 
least when the general body temperature was greatly raised. Then the 
proximal and distal thermometers registered nearly the same, while the 
difference in temperature between the normal and denervated limbs 
became as small as 0-25° C. 

In a third cat similar changes in temperature were produced (Fig. 5). 
There was a decrease of 0-45 in the normal limb, following denervation 
of the opposite limb, perhaps due to general vascular constriction, 
which takes place to counteract the dilator effects of denervation on 
general blood-pressure. As before, the temperature of the denervated 
limb, although it soon exceeded the rectal temperature by about 0-2°, 
kept very near the rectal for several hours. Between the sixth and 
seventh hours the temperature of the denervated limb became less than 
that of the rectum. And in twenty-four hours the former had decreased 
so much that the difference between the two was 0-7° to 0-8°. Changes in 
the room temperature influenced the temperature of the normal limb, 
as was to be expected, but had little or no effect upon that in the de- 
nervated limb. 

Temperature decrease in a denervated limb. Having determined the 
temperature increase, we next proceeded to find out the limits of tempera- 
ture decrease in a denervated limb. This is of interest in connection with 
treatment, especially massage, of denervated muscle. The decrease in 
temperature may be due in part to constriction of the blood vessels. 
In such a condition massage might assist the circulation at least 
temporarily. 

The time of over- recovery of a denervated limb is of considerable 
variation in different individuals. In order to discover when the over- 
recovery” had taken place, the relative temperatures of the paws of 
the denervated and normal limbs were determined every few days by 
a method which Dale and Richards describe(7). The paw was immersed 
in a test tube containing 10 c. c. of water at room temperature. Move- 
ment of the paw stirred the water. The temperature of the water was 
read at One-minute intervals until five minutes had elapsed. This method, 
although not very accurate, indicated any decided differences between 
the two limbs. When we wished to obtain the limb temperatures more 
accurately at any time, the animal was anwsthetised with ether and 
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„distal thermometers inserted between the muscles as described above, 
aseptic precautions being observed. As soon as the temperature reading 
of the thermometer became constant, the thermometers were with- 
drawn and the skin brought together by sutures. This method, naturally, 
could not be used very often. 

Exp. 1. The femoral and sciatic nerves were cut in the right leg of 
a cat (1-5kgm.). Five days later the temperature of the denervated 
paw was decidedly less than that of the normal. Seven days after 
denervation the animal was ansesthetised and thermometers inserted 
beneath the gastrocnemii. The temperatures were as follows: Rectal, 
38-2° C.; normal limb, 36-7° C.; denervated limb, 35-92°C. This was 
uml rapid recovery, in fact it was over- recovery, for the 
operated limb was practically 0-8° C. colder than the normal limb. 

Exp. 2. The right hind limb of a cat was denervated, causing an 
increased temperature which persisted for something more than two 
weeks. But in twenty-nine days there had been a decided over- 
recovery.” On the thirty-third day after the operation the denervated 
limb was 0-4° C. colder than the normal limb, as determined by thermo- 
meters inserted beneath the muscles. 

Exp. 3. In a third cat there was no decided “over-recovery” in 
eighty-six days. That is to say, the operated limb was slightly warmer 
(about 0-1° C.) than the control when the animal was deeply under ether, 
but if allowed to come out of the anesthetic, the control limb became 
0-3° C. warmer. The nerve had regenerated as far as the gastrocnemius 
(determined by electrical stimulation). There had been marked atrophy 
of the gastrocnemius. The denervated gastrocnemius-soleus-plantaris 
group weighed only 4:25 gm. as‘ compared to 15-85 gm. the weight of 
the control group. 

Exp. 4. A fourth animal showed “ over-recovery ” of the denervated 
limb in fifty-six days. This condition persisted for weeks. As late as 
151 days after denervation the temperature of the operated limb 
(thermometers under hamstring muscles) was 1-6 C. lower than the 
control. However the animal was in poor condition at that time. The 
nerve had regenerated to the gastrocnemius. It is interesting to note 
that the veins in the operated limb were much enlarged. The femoral 
vein was 7 mm. in diameter in the operated limb, while the diameter of 
2 corresponding region of the femoral vein on the control side was 

mm. 

Fibrillation might be in part responsible for the increased tempera- 

ture which often persists for weeks. Langley and Ka tote) have 
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observed it from the fifth day to as far as 71 days after denervation. 
Their method was to study the exposed muscle Vith reflected light. 
The question occurred to us whether the fibrilla“ « might be due to 
the stimulation resulting from exposure. We have made the following 
observations in this connection: 

Rabbit. Sciatics cut 15 days before. Exposed gastrocnemius showed 
fibrillation immediately. This increased with exposure. Rubbing the 
surface of the muscle with absorbent cotton increased the fibrillation. 

Rabbit. Sciatics cut 28 days before. Fibrillation was apparent in 
the gastrocnemius as soon as it was exposed. The temperature under 
this muscle was approximately the same as in the fore limb. 

Rabbit. Both gastrocnemii had been denervated 42 days before. 
On exposure of left gastrocnemius, slight fibrillation was immediately 
evident, but this increased considerably during the first two minutes. 
Similarly the right gastrocnemius showed slight fibrillafion immediately - 
upon exposure, the fibrillation becoming more marked in the course of 
the following five minutes. The temperature of one of these limbs 
(thermometer inserted beneath gastrocnemius) was 34.78 C. as com- 
pared to 36-48° C., the temperature of a normal fore limb of the same 


‘animal. Fibrillation in the denervated muscle gradually disappeared 


after the animal was killed. It was slightly visible 40 minutes after the 
heart ceased to beat. 

In all cases where fibrillation appeared it was visible immediately 
upon exposure of the muscle, but in many instances it was increased by 
the exposure. Moreover it has been shown by Sc hiff(8) that fibrillation 
occurs in unexposed muscle. 

What is the cause of the increase in temperature in a denervated 
limb? Heidenhain@) believed it was due to the increased circulation. 
This is supported by the observation that the increased volume of the 
denervated limb, as we have shown in § I, may persist for days, as does 
the temperature. The observation which questions this interpretation 
is the rapid recovery of the blood vessels after denervation, as determined 
by the venous blood flow (). Recovery in such a case being only a 
matter of minutes. ; 

As stated in § I, the temperature of the air within the plethysmograph 
was often maintained at the high level for hours after the limb had 
begun to decrease in volume. It is also difficult to reconcile this observa- 
tion with the explanation that the temperature increase is entirely due 
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to circulatory increase. It might be due in part to abnormal chemical 
changes. That abnormal changes are taking place is evidenced by the 
later appearance of fibrillation and the marked atrophy which occurs. 

Every form of skeletal muscle contraction is no doubt accompanied 
by heat production. Therefore throughout the period of paralysis, 
beginning with the fourth or fifth day after denervation, a certain amount 
of heat must be produced attending fibrillation. However the quantity 
generated in this way may be quite small, for during later stages of 
paralysis the temperature of the muscle frequently becomes markedly 
lower than that of a normal muscle. Yet we have shown that fibrillation 
may still be present in such a case. 

‘It is possible that the source of increased heat, which is present soon 
after denervation, is a chemical change independent of fibrillation. 
It must be admitted that such an explanation is merely hypothetical, 
yet it would reconcile the disagreements of volume change and venous 
blood in relation to the temperature. 


SuMMARY. 


Volume changes. 


1. The maximum dilatation of the limb occurs from two to is 
hours after denervation. The extent of this dilatation is probably a 
little more than 2 p.c. of the total volume. 

2. In some individuals, constriction of the denervated limb begins 
soon after the point of maximum dilatation has been reached. In others 
constriction may not begin for a few hours after this time. 

3. Complete recovery of the original volume occurs in many cases 
within twenty-four hours. There may be an ee ee of the 
original volume as time goes on. 

4. Constriction of the denervated limb may take place without a 
proportionate lowering of the limb temperature. 


Temperature changes. 
1. The duration of the increased temperature resulting from 
denervation is exceedingly variable. 
2. In many cases there is an “over-recovery” of the temperature. 
This occurs from a few days to several weeks after denervation. 
3. Increased circulation and fibrillation do not seem to account 
2 for the maintained supernormal temperature of a denervated 
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STUDIES IN THE REGENERATION OF DENERVATED 
MAMMALIAN MUSCLE. II. Effect of Massage. By F. A. 
HARTMAN, 8/Ser., W. E. BLATZ anv L. G. KILBORN. 


(From the Laboratories of the Military School of Orthopedic Surgery and 
Physiotherapy, Hart House, and of the Department of Physiology, 
University of Toronto, Toronto, Canada*.) 7 


In a recent paper Langley and Hashimoto) investigated the effects 
of massage and electrical treatment in preventing the atrophy of 
denervated muscle. The atrophy was determined by weighing the 
excised muscles at the conclusion of the experiment. This method 
cannot take into account the connective tissue present. In a denervated 
muscle this tissue becomes proportionately greater as the time is 
extended. On this account we have attempted to measure the actual 
power of a muscle to lift a load. This gives an idea of the amount of 
functioning muscle tissue present. In the present research we have con- 
fined ourselves to the study of the effect of massage. ' 

Methods. The muscles of the lower part of both hind limbs in the 
rabbit were denervated under aseptic conditions while the animal was 
under the influence of ether. This was accomplished by either cutting 
the sciatic nerve and then uniting the cut ends by means of catgut 
sutures or else by crushing the nerve against a glass rod with a stout 
thread according to Langley’s method. 

One of the most difficult problems in working with denervated limbs 
is their protection against abrasion. This is particularly so in the rabbit 
because it moves with a hop and when the sciatic is cut the toes are 
no longer able to take up the shock, which must therefore fall entirely 
upon the heel. Moreover denervated tissue is more easily injured than 
normal tissues, due in part, no doubt, to loss of the sensory information 
from those parts. 

* Approved for publication by J. T. Fotheringham, Major-General, Assistant 


Director-General of Medical Services, Department of Militia and Defence, Ottawa, 
Canada. 


Funds for this research were contributed by the Government of Canada, the University 
of Toronto and private subscription. 
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We first attempted to protect the heel by soft bandages, but two 
serious objections presented themselves; some animals would succeed 
in looséning the bandages so that they slipped off, or at other times they 
might be wound so tightly that the foot became swollen. Leather 
boots seemed to be an improvement in that they did not come off and 
did not interfere with the circulation. They were given a thorough 
trial on a number of animals. Their use had to be abandoned when it 
was found that many of the rabbits persisted in gnawing great holes in 
them and sometimes went so far as to eat away a third or a half of the 
boot. This together with the fact that a few animals persisted in gnawing 
away their toes suggested the idea of metal boots. After considerable 
experimentation the following boot was devised. 


Fig. 1. Side view of boot. 


The boots were made from thin sheet aluminium (Figs. 1 and 2). 
Movement at the heel was permitted by a brass hinge. The boot was 
held on the animal by a wire which passed through slits at the back 
of the upper part and the top of the forward part (a, Figs. 1 and 2). 


‘The boot was fastened to conform to the resting position of the limb, 


i.e. with the foot flexed. The top piece and the forward part on the 
bottom and at the edge (b) where rubbing might occur were lined with 
flannel. Ventilation was afforded by holes in the sides and at the front. 
This was necessary in hot weather. As an additional safeguard absorbent 
cotton was placed under the heel and sometimes where the upper edge 
of the forward part of the boot (b) might rub. Wherever the hair was 
worn away or the skin became chafed, collodion was applied. 
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Massage was given by volunteer masseuses from the School of 
Massage, Hart House. In all cases the right leg was massaged by the 
methods considered most appropriate for small muscles, viz., a gentle 
kneading and stroking. Both the left and right legs were put through 
passive movements three times to prevent stiffening of the joints. Such 
treatment was given from five to six days per week. 

At the termination of the experiment, the rabbit was anzsthetised 
with urethane administered by a stomach tube; the muscles which 
have their insertion in the tendon of Achilles were carefully dissected 
out so as to disturb their circulation as little as possible; and then 
the animal was placed belly downwards on an animal board so that the 
hind limbs extended beyond the board. The tibia was held firmly by a 

clamp in such a way that the group of muscles (gastrocnemius, soleus 


Fig. 2. Top view of boot. P 


and plantaris) to be tested hung freely as soon as the tendon of ‘Achilles 
was cut. Drying of the muscle was prevented by frequent application 
of Ringer’s solution or by smearing the outer surface with vaseline. 
The latter method seemed to give just as good results as the former. 
The tendon was fastened to a lever from which at the same point 


was suspended a scale pan (Fig. 3). Both limbs were prepared at the 


same time in the same way so that simultaneous records could be 
obtained of the corresponding groups of muscles on the treated and 
untreated side. 

The muscle was stimulated by either induced or direct currents. 
In a majority of cases the induced current was used. When the former 
was used, one fine wire was fastened to the tendon and another above 
the origin of the muscles around bone and muscle. In the case of the 
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direct current, cotton strips soaked in Ringer’s solution connected the 
above described regions of the muscle with non-polarisable boot elec- 
trodes. The muscle was after-loaded. Care was taken to insure equal 


f ‘ 
* 


Fig. 3. Apparatus for testing musoles. 


initial tension for the two muscle groups. The strength of current 
necessary to produce maximum contraction was employed. A series of 
contractions from gradually increased weights was obtained · from each 
muscle group. In order to rule out variations resulting from circulatory 
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changes due to ether anesthesia, either simultaneous contractions of 
the two groups were secured or else the contraction of one group imme- 
diately followed the contraction of the other group for each increment. 
When the rabbits were placed under the influence of urethane the 
fluctuation due to anesthesia did not occur. 

Thus a series of contractions, with loads increasing by a definite 
increment, as 2 gm., 4 gm., or 10 gm., depending upon the power of the 
muscle, was obtained for the treated and untreated denervated muscles 
under similar conditions. The load often went as high as the absolute 
limit. In order to see whether fatigue in any way altered the relative 
power between the muscles of the two sides as many as six sets of 
records were made in many tests. From these a typical set was chosen 
for plotting the work curve. 

As soon as the functional tests of the muscles were completed, the 
muscles on each side were carefully removed and weighed with the 


observation of such precautions as similar dissection and prevention 
of drying (see Langley, p. 16). The muscles were then fixed in 


Orth’s solution for histological study. 

Load and work curves were plotted from all records tied: The 
curve for the treated muscle group was drawn on the same sheet with 
that for the untreated muscle group. Thus corresponding parts of the 
curves could be compared at a glance. 
| Results. An indication of the variation between the right and left 

gastrocnemius-soleus-plantaris group was obtained from a study of 
fifteen normal rabbits (Table I). A comparison of the work performed 
at the optimum load gives a fair idea of the two curves for comparison. 
It is to be noted, too, that the heavier muscles do not always have the 
greater capacity for work, although there is a surprising tendency in 
that direction. Moreover the left muscles were stronger than the right 


in nine of the fifteen animals. Treated animals in which sores developed 


were discarded if the muscles were affected in any way. 

The percentage difference between the corresponding muscle groups 
varied so greatly that to strike an average would mean little. In view 
of this and not knowing what the muscle could do before denervation 
it would be necessary to obtain ‘a very marked i increase of power in 
the treated muscle as compared to the control to prove that massage 
was of value. 

The duration of the massage was increased from week to week in 
many cases, as the table indicates. It being assumed that the massage 
might be needed more as the circulation decreased. The principal 


t 
‘ 
‘ 
‘ 
— 
> 
*, 
‘ 
— 
oe 


REGENERATION OF MUSCLE. 113 


indication that the circulation was decreased, being the lowered tem- 
perature in long-standing denervations. 

Thirty-seven animals were successfully carried through to completion. 
The duration of the treatments ranged from seven to 190 days. Twenty- 
three of these possessed stronger muscles on the treated side, the 
remaining fourteen having stronger muscles on the untreated side. 
In those animals in which the treated muscles were stronger they 
average 64-2 p. c. greater than the control muscles, while in those rabbits 


possessing more powerful control muscles, the average increase over 
the treated muscles was 43-7 p.c. 


Taste I. A comparison of weights and work performed at the optimum load 


im normal gast soleus-plantaris muscle groups. 

38 82 79 

39 128 202 = 37 8-46 8-86 - 4 
40 12 117 38 9-16 9-61 OF 
4l 65 67 — 29 11-61 1206 ~ 37 
42 188 203 — 22 9-46 9-66 - 207 
43 102 147 ~ 30-6 9-7 9-8 - 104 
44 263 2240 9-6 9-30 901 3-2 
45 60 78 — 23 11-58 11-66 — 685 
46 79 65 21-6 10-23 10-45 - 21 
47 66 179 ~ 63-6 16-10 15-76 216" 
48 77 64 20 12-31 11-83 4-05 
49 84 1387 = 465 14-70 15-06 -~ 24 
50 88 73 20 14-05 14-13 666 
81 6³ 59 6-7 13-60 13-91 — 22 
52 104 136 24 17-26 17-03 13-5 


The normal muscles of Table I showed a predominance of left over 
right, not only in the number of animals involved, but in the percentage 
of differences. Where the left muscle group was greater in power, the 
average was 29-5 p.c. over the right, while in the cases of right preponder- 
ance the muscles averaged only 15-9 p.c. more powerful than the left. 
If it should turn out to be true that rabbits, on the average, possess 
more powerful muscles in the left leg than in the right, that would 
strengthen the observations in Table II and indicate some benefit faom 
massage. However the number of animals used in Table I was too small 
to establish such a generalisation. 

A very important consideration must be kept in mind, and that is 


concerning the atrophy of denervated muscle. Such a muscle dwindles 


in volume and no doubt in power, so that if the massaged muscle is 
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compared with the corresponding untreated muscle by its capacity 
to do work, an increase of 64 p. o. over the control does not mean so 
much as it would in normal muscles. In other words both treated and 
untreated muscles dwindle rapidly, but the massaged muscle maintained 
64 p. o. more strength. The treated muscles might lose a great deal and 
still do that. Even this might be of more significance if a large majority 
of the animals treated showed this, but this is true in only twenty-three 
out of thirty-seven animals treated. Slightly more than a third of the 
number showed an opposite condition. 

Judged from the functional test, therefore, massage has not proven 
to be of great value in our experiments. But because we did not know 
the relative capacities of the muscles before denervation, we cannot 
make our conclusions as positive as might be done otherwise. Moreover 
the method of testing is open to the objection that there is some disturb- 
ance of the circulation in the preparation of the muscle so that its tendon 
can be fastened to the lever. Although the two sets of muscles were 
prepared in as similar a manner and as quickly as possible, a certain 
amount of disturbance in the muscle was unavoidable. 

There are certain observations which we will point out in reference 


to the comparative weights of treated and untreated muscles. In the 


first place the percentage difference in weight never reaches the range 
attained in the functional test. In the second place if the functional 
test shows a much greater preponderance of one muscle group over the 
other that muscle group frequently weighs less than the other. All 
told, out of the thirty-seven experiments, seventeen did not agree in 
functional and weight tests as to which preponderated. , 
These observations seem to indicate that the weight of a muscle 
does not necessarily indicate the relative amount of contractile tissue. 
In conclusion we wish to thank Miss Joan Campbell, who gave 
valuable assistance in this research. We wish also to thank the members 
of the School of Massage at Hart House for their part in the research. 


SuMMARY. 


1. The soleus, gastrocnemius and plantaris muscles were denervated 
on both sides in thirty-seven rabbits. The nruscles of the right side were 
massaged from two to ten minutes a day over periods varying from 
seven to 190 days. At the conclusion of the experiment the work 
capacity of the treated muscles was compared with that of the control. 
The two groups of muscles were also weighed. 
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2. In a similar manner the same muscles in fifteen normal animals 
were compared on both sides. 

3. Sixty per cent. of the normal rabbits possessed stronger muscles 
on. the left side. In the cases of left preponderance the difference was 
much greater than in the cases of right preponderance. A large propor- 


tion of the left muscle groups were also heavier than the right, although | 


such muscles did not invariably prove to be the stronger. 

4. The massaged muscles were stronger than the controls in sixty- 
two per cent. of the animals treated. There was considerable discrepancy 
between the comparison by weight and the comparison by function. 

5. In view of our ignorance of the relative capacities of the two 
sets of muscles before beginning treatment, a small predominance of 
power in the treated muscles is inconclusive. Our observations indicate 
that massage of denervated muscle is slightly beneficiall. 


REFERENCE. ~ 
() Langley and Hashimoto. This Journal, 52.15. 1918. 


1 A subsequent study upon the effect of massage on denervated muscle, involving a 
larger number of animals and a method of testing the muscle functionally both before 
operation and during the period of treatment will appear later. 
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A SIMPLE PHOTOGRAPHIC METHOD OF REGISTER- 
ING VERTICAL MOVEMENTS ON A HORIZONTAL 
PLANE. By D. J. pe WAARD. 


(From the Physiological Laboratory, Groningen University, Holland.) 


In order to register an electrocardiogram by means of a string galvano- 
meter, a roll of photographic paper or a plate is generally used, which 
is moved with a uniform velocity past a horizontal slot in an opaque 
membrane. The galvanometer string is stretched vertically and moves 
to and fro in a vertical plane parallel to that of the membrane, whilst 
its image is thrown on the same and falls at right angles across the slot: 
thus movements of the galvanometer string are registered by corre- 
sponding variations in position of the black image across the slot. 

By means of mirrors or a prism the light may be reflected or refracted 
and accordingly the image of the galvanometer string thrown as a 
horizontal line, in which case the slot is turned to stand vertically so 
that the image crosses it as before; but this method is not usually 
resorted to, most registering instruments working with the slot hori- 
zontal, 

A difficulty arises when it is wished to register a vertical movement, 
e.g. that of a mercury manometer on the same paper along with@®the 
electrocardiogram. 

One method which has been used by H. Straub? is as fellows: 
A triangular piece of paper is fixed to a small glass rider which floats on 
the mercury column. The hypotenuse moves up and down in front of 
the slot and the paper blots out more or less of the same as it rises or 
falls. This method gives satisfactory results if the slot used is narrow, 
but the inherent fault of the system—the gradually increasing area of 
shadow—cannot be prevented from spoiling the sharpness of the curve 
in most cases when a cylindrical lens (of a width from a half to one cm.) 
intensifying the light by being put in front of the slot is used. 

The writer has experimented with several methods and finds the one 
described below to be about the simplest and at the same time to give 
results. 

1 H. Straub. Ztschr. f. Biol. 58. 501. 1910. 
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In this a large cylindrical lens is placed in front of the slot. If the rays 
of light are parallel to one another and the movement of the mercury 
manometer rider has to be registered full size, the lens is placed in front 
of the slot and at a distance of twice its focal length from it, whilst its 
axis makes an angle of 45° with the horizontal plane. The distance 
between lens and slot may be improved empirically during the experi- 
ment, and the angle the lens makes with the horizontal may be altered 
if the rays are divergent and if the projection is still required to be full 
size. 


The horizontal pin from the mercury rider is placed at the shortest 
possible distance in front of the lens. In order to get the projection in 
correct proportion, a horizontal object of one centimetre may be used 
to replace the pin; then if its position is such as to produce a vertical 
shadow of one centimetre on the photographic paper, it follows that a 
movement of one centimetre will also be correctly reproduced. 

A cylindrical lens of 20 diopters taken from a lens-case for examining 


the eyes, and placed 10cm. from the photographic paper, has been 


found in practice to give good results. 
To make the principle of this method clear, the accompanying 
diagram is given, where LMNO is the cylindrical lens with its axis 
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making an angle of 45° with the horizontal plane. FF, is the focal line 
at a distance of 5cm. behind the plane of the paper and accordingly 
all rays of light falling perpendicularly to the surface of the lens are 
refracted to this line. 

ABS is the rider that moves up and down with the mercury in the 
manometer shown in its first position, whilst CQD is the rider shown 
again after the mercury column has risen a height TQ. 

Parallel rays of light fall upon the system. The rays of light that 
fall on the point A are refracted to A, in the focal line and thence to A, 
in straight lines, at a distance of twice the focal length behind the lens. 

The rays from P falling on the lens pass on in straight lines without 
suffering any refraction. 

The projection of B falls on B, on the „ me (this being 
twice the focal length behind the lens). 

It will be seen that the image of the line-object APBS i is A,PB, 
which is perpendicular to APBS and at the distance of twice the focal 
distance behind the lens. 

If APBS moves to the position of CQD, the image is thrown in the 
plane of the slot at D,QC,. Here APBS has been moved over a vertical 
distance of TQ and as the angle OPT is 45° and the angle OTP is 90°, 
it follows that the horizontal movement of B., PA, to D,QC, (i.e. the 
distance of PT) is equal to TQ, and accordingly the vertical movement 
of the line-object from the position ABS to CQD is reproduced in correct 
size by the horizontal movement of the image measured on a plate at 
twice the focal length behind the lens. 

The rider of the manometer can be easily kept in its right place and 
be prevented from turning, if a portion projecting at right angles is 
constrained to move between two hairs stretched taut; and if the 
whole is constructed of red glass, a good opaque shadow is insured. 

The manometer can also be put behind the lens. In this case 
Straub’s triangular piece of paper may also be used if the axis of the 
cylindrical lens is put horizontally and the paper exactly in the focal 
line. The result will be a sharp shadow as.the light is blotted out by the 
triangular paper in one line only, because all the rays are concentrated 
in the focal line. Here it is necessary to place the-lens at a distance of 
twice its focal length from the slot in order to obtain uniform illumina- 
tion. 

With a eylindrical lens we can also register the movements of a string 
galvanometer on a vertical slot. 
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VASO-MOTOR CENTRES. Part I. Effect of strychnine on 


blood-pressure in the spinal animal. By J. N. LANGLEY. 


(From the Physiological Laboratory; Cambridge.) 


OBsERVATIONS on the effect of strychnine on the blood-pressure after 
section of the spinal cord in the cervical region were made by S. Mayer(1). 
He found that it caused either no rise, or only a slight one, and concluded 
that the rise caused by it in intact animals was due to stimulation of a 
vaso-motor centre in the brain. Schlesinger@}—whom I quote from 
Hofmann and Schwalbe's Jahresberichte obtaned however in similar 
experiments a marked rise of blood-pressure, and from this and other 
results he inferred the existence of spinal vaso-motor centres, evidence 
for which had previously been given by the fall of blood - pressure follow- 
ing destruction of the spinal cord. Kabierski and Heidenhain) in 
experiments on rabbits noted that a small dose of strychnine (0-25 mg.) 
occasionally caused a rise of blood-pressure. 

The opinion generally held to-day appears to be that strychnine has 
little direct action on spinal vaso-motor centres. Thus Meyer and 
Gottlieb@ state that after section of the spinal cord, the strychnine 
rise of blood-pressure is very much feebler but is not completely absent 
especially in young animals. Cushny (5) and Dixon only mention an 
action on the bulbar vaso-motor centre. This opinion has helped to 
support the theory that the spinal cord takes little or no direct part in 
normal vascular reflexes. Since the question of the presence or absence 
of spinal vascular reflexes is of importance I have attempted to determine 


how far the action of strychnine throws light upon it. My experiments 


were made on the cat. 

The animals were anesthetised first by chloroform and then by A. C. k. 
The nerves to be stimulated centrally were tied and cut. The spinal cord 
was exposed for one to two segments in the mid-cervical region, except 


in one case in which the first and second thoracic segments were exposed. 


The animals, unless otherwise mentioned, were decerebrated by cutting 
off the fore-brain and more or less of the mid-brain by Sherrington’s 
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guillotine method. Anesthetics were then discontinued, a blood- Pres- 


injected into the femoral or jugular vein; the spinal cord cut, and a 
variable time afterwards strychnine nitrate injected. 


When decerebrating the upper jaw was not quite severed. The skull after removal of 
the fore-brain was stuffed with warm sponge and sewn in position in order to prevent as 
far as possible cooling of the cut surface of the central nervous system. 

It would have been simpler to have used animals decapitated in the manner described 
by Sherrington’, but since he found the blood-pressure after decapitation to be sometimes 
80 mms. Hg or more, whilst the pressure after section in the mid-cervical region soon 
sinks to 45-40 or less, It seemed better to avoid any question which might be raised as 
to the complete severance of the vaso-motor centre by decapitation. . 

The method of preparing a spinal animal by injecting starch grains into the peripheral 
end of the carotid until no reflex can be obtained from the head and from the vagus, is 
not satisfactory for these experiments since the efferent neurones may still be excitable 
by strychnine reaching them by diffusion. In the two experiments in which starch was 
injected I severed the spinal cord. The vagi were cut in nearly all cases. The strychnine 
up to 10 mgms, was intravenously injected in | c. e. of fluid, and in larger amounts in a 
1 p. c. solution; a few seconds later 1 c. c. of Ringer’s fluid was injected in order to empty 
the cannula of strychnine. 


Effect of the first injection of strychnine. 

In each of the experiments in which the amount of strychnine first 
injected after section of the spinal cord was 0-5 mg. or more, and some- 
times when this amount was given after a previous dose insufficient to 
cause a rise, there was a large and quick rise of blood-pressure (cf. 
Table I) provided the blood-pressure after the section remained at — 
40 mms. Hg. 


Exp. Rise of — Rise of blood - 

1 2-3 78 to 216 1 166 (46 to 212) 

2 3-8 78 to 226 eg) 130 (48 to 178) 

3 2-2 52 to 186 1 128 (58 to 178) 

4 2-5 90 to 175 2 108 (44 to 152) Fig. la 
5 * 58 to 108 2 88 (44 to 132) Fig. 1 b 
6 2:3 1̃3s to 216 ; 78 (49 to 127) 


After two previous doses of 01mg. f After previous dose of 0-1 ng. 
A large and quick rise was obtained in six other spinal cats: in two the animals were 
decerebrated by starch grains, in one the animal was anwsthetised and not curarised. 


The results make it quite clear that strychnine has a powerful effect 
on the spinal vaso-constrictor centres. The rise of blood-pressure caused 


1 This Joyrnal, 49. 1915. Proc. Physiol. Soc. p. lii. 
2 This Journal, 38. p. 375. 1909. 
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by strychnine varied however widely in the different experiments. There 


are a number of factors which tend to reduce the effect of strychnine — 


and they vary in different cases. 
(a) The preliminary dissection takes 1 to 14 hours. If this is done 


as in nearly all my experiments before decerebration, the anwsthetics 


reduce spinal excitability; and if A. O. x. is used there is lowered blood- 
pressure throughout this period; if the dissection is done after decere- 
bration, although the excess of anesthetics is avoided, there is I think 
insufficient oxygenation with spontaneous respiration, and a lowered 


Fig. 1. Rise of blood-pressure caused by 2 mgms. of strychnine in spinal cat. 


a, Exp. 4. 6, Exp. 5. 
In all the figures the time is marked in 10 second intervals. 


blood-pressure with artificial respiration. In my experience, after de- 
cerebration, the vagi being cut, the blood-pressure falls on putting on 
artificial respiration, and when curari is given there is a further fall 
(with partial recovery) owing to the abolition of the muscle tone. 

(6) Decerebration causes a variable amount of loss of blood. The 
loss of blood more or less lowers the blood-pressure, and it decreases the 
volume of the blood relatively to the capacity of the blood vessels, so 
that an equai vascular contraction causes a less rise of blood-pressure. 

(c) A variation in the effect of strychnine may also be expected in 


consequence of variation in different animals in the direct effect of 
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section of the spinal cord, in the decrease in the rate of circulation caused 
by the section, in the store of adrenaline in the adrenal glands, and in 
the inherent excitability of the spinal cord to strychnine. 

The effect of strychnine can be approximately foretold by the height 
of the blood-pressure and the extent of the vascular reflexes before 
section of the cord, and by the rise of blood-pressure caused by cutting 
it l. | 

The maximal height of the blood-pressure which I have found to be 
caused by strychnine in the spinal animal, viz. 210 mms. Hg, is less than 
that which may be obtained in the bulbo- spinal animal, but is greater 
than that which is sometimes obtained. Since the accessory conditions 
are usually less favourable for the production of a rise of blood-pressure 
in the spinal than in the bulbo-spinal animal I conclude that in equal 
conditions of spinal excitability and circulation, strychnine causes 
nearly as great a rise of blood-pressure when it acts on the spinal centres 
alone, as when it acts upon the bulbar centre in addition to the spinal 
centres. 

It will be noticed in Fig. 1 that the rise of pressure does not begin 
until about 25 seconds after injection of 2 mgms. of strychnine. This 
long interval is partly in consequence of the slow circulation, it was less 
in experiments in which 5 mgms. were injected. 

A striking fact is the long delay which commonly occurs when 0-5 to 
1 mg. is injected. In Exp. 3, Table I, after 0-5 mg. there was a rise of 
only 8 mms. Hg, during the 70 seconds after injection and then it was 
much as in Fig. 1 a. In another experiment after 1 mg. there was hardly 
any rise for 80 seconds. In a third —— * 0-5 mg., there was 
practically no rise for 1? minutes. 

The rate of fall of blood-pressure after the rise varies considerably, 
but usually it stays above the original level for many minutes. The 
duration of the rise above this level I have not determined, since after 


the first injection I have tested the vascular reflexes, and made further 


injections, but by stimulating the sciatic (or the spinal cord) at intervals 
after strychnine has caused a rise, the blood-pressure can be kept above 
the original level for long periods. 

The difference in the amount of strychnine which causes a large rise 
of blood-pressure and that which causes none is small. I have not found 
any rise on injecting 0-1 mg. as a first injection and usually none on 


_ injecting 0-2 mg. The minimal amount depends upon the excitability of 


1 The end was cut from dorsal to ventral surface in 4 to 6 outs, so that the rise was 
no doubt partly a reflex from the spinal bulb. 
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the spinal cord, and this outweighs any effeot there may be from differ- 


ence of body weight. | 


After decerebration and curarisation there may be irregular variations 


of the blood-pressure, or fairly regular third order waves. The irregular 
variations are presumably due to stimuli set up at the cut surface and 
by clots spreading down from it. They are stopped, so far as I have seen, 
by 2 to 5 mgms. of strychnine, and sometimes by 1 mgm.—an indication 
of the decrease of excitability which will be dealt with later. In the spinal 
animal whether third order waves are present or not before giving 
strychnine, they are nearly always present after giving it; they are at 
maximum soon after injection and then die out; they vary greatly in 
different cases in height and rhythm. Mayer) found them to be pro- 
duced by strychnine in the intact animal. Usually after a small dose of 


Fig. 2. Rise of blood-pressure in spinal rabbit caused by 5 mgms. of strychnine after 
previous injection of 1+1+1+2 mgms. The artificial respiration did not affect the 
blood-pressure at this stage, and the larger curves are third order curves. 


strychnine, but one sufficient to cause a considerable rise of blood- 
pressure, the primary rise is followed by large and rather irregular 
variations of pressure superposed on the third order waves; these are 
probably due to the nerve centres being acted on at different times, and 
are analogous to the series of tetanic contractions in an uncurarised 
animal, they are not however synchronous with the tetanic contractions 
in a limb with blood vessels tied in a curarised animal. | 

In the rabbit the vascular effect of strychnine is normally less than in the cat, so that 
a less effect is to be expected after section of the spinal cord. As mentioned above, 
Kabierski and Heidenhain not infrequently found no effect. In the one experiment 


I made on a decerebrated spinal rabbit the first injection of 1 mg. had no effect on the 
blood-pressure, the second injection of 1 mg. had no effect for 40 secs., there was then a 


slow rise of 2 to 3 mms. of Hg, during which the nervus dorsalis pedis was stimulated and 


caused, or was coincident with, a prompt rise from 45 to 66 which fell very slowly. At no 
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other time of this experiment had the nerve any effect. The third dose of 1 mg. caused 
only a slow rise of about 2 mms.; 5 mgms. of strychnine caused a rise from 44 to 64; as 
this caused marked augmentation and lengthening of third order waves I give the tracing 
in Fig. 2; 10 mgms. caused a primary fall from 44 to 32, followed by recovery to 43. 

In the experiments so far considered the rise of blood-pressure caused 
by section of the spinal cord showed that the spinal vaso-constrictor 
centres had a more or less high degree of excitability and the blood- 
pressure remained somewhat above 40 mms. Hg. With a pressure re- 
maining at about 40 mms. I have obtained a large rise of blood-pressure 
half-an-hour after section of the cord. But not infrequently the pressure 
after the section sinks to about 30 mms. Hg, and sometimes it sinks 
lower. At some low level of blood-pressure, the circulation in the cord 
will stop. In that case it is obvious that the excitability of the cord will 
soon disappear, and strychnine will have no effect. It is obvious also 
that the progressive stages of decreasing excitability will be accompanied 
by a progressive decrease in the rise of blood-pressure caused by strych- 
nine. All such stages I have obtained. As the rise becomes less it also 
becomes slower. It is not however possible to foretell with any exactness 
what the extent of the rise will be with any given blood-pressure. This 
no doubt is partly due to variation in the previous duration of low 
pressure, but it is probable that it is mainly due to the circulation in the 
spinal cord ceasing at different levels of blood-pressure in different animals. 

The following experiment may be given as an example of slight rise 
when there is markedly low blood-pressure. It will be noted that section 
of the cord caused a slight rise only. 


Ep. 7. Cat. Decerebrated. ; 
12 mgms. curari; pressure falls from 66 to 36 and then slowly rises to 40 
4 mms.; cut cervical cord; rise 40 to 52, falling to 24. 

„ 0-4 mgm. strychnine; rise 24 to 50 (Fig. 3). 


Fig. 3. Slight rise of blood-pressure on injecting 0-4 mg. strychnine when the 
| circulation is feeble. The rise began 50 secs. after the injection. 


7 

4 
* 
4 
= 


126 pane J. N. LANGLEY. 


A slight or absent rise of blood-pressure in the spinal cat on injecting 
strychnine may then I think be safely referred to decreased excitability 
of the vaso-constrictor centres caused by decreased oxygen supply to 
them. 

It was irrelevant to my immediate purpose to determine what part, 
if any, of the rise of blood-pressure caused by strychnine is due to 
secretion or liberation of adrenaline, but I made one experiment on a 
decapitated cat, injecting I mg. of strychnine after excision of the 
suprarenal glands. The injection caused a rise of blood-pressure from 
33 to 106 mms. Hg, and the pressure remained above the original level 
for a considerable time. I may mention also that the curve of rise of 
blood-pressure caused by strychnine rarely has a double apex. In the 
few cases in which it occurred in my experiments, it might have been 
due to the additional strychnine driven into the circulation by the 


Ringer’s fluid injected after the strychnine. In the bulbo-spinal cat, an 


approximately maximal rise of blood-pressure may be caused by 
strychnine after extirpation of the adrenals. . ; 


Effect of injections of strychnine after the first. 

The effect of injections after the fitst naturally depends upon the 
amount first injected. 

When several successive small amounts of strychnine are given, as 
-05 to -01 mg. which cause no rise of blood-pressure, or only a trifling 
slow rise, a subsequent injection of an amount which if injected primarily 
would cause a large rise, gives a slight rise only. The same results may 
follow after two or three previous injections of 0-2 mg. 

In drawing conclusions from the absence of effect of the larger 
amount of strychnine, it has of course to be borne in mind that the 
continuance of low blood-pressure, i.e. of insufficient oxygenation, during 
the period of injection of small amounts necessarily reduces spinal 
excitability and may abolish it. 

The degree of excitability of the spinal N centres can 
be approximately determined by noting the rise of blood-pressure caused 
by section of the spinal cord and by stimulating its cut lower end and to 
some extent by the effect of stimulating afferent nerves. Judging by 
these criteria, the experiments in Table II show that when the con- 
centration of strychnine is slowly increased from 0 in the spinal animal, 
there is at no time a large rise of blood-pressure. 
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Tam II. Successive injections of strychnine beginning with amounts not causing 
a rise of blood-pressure. 
Cats, decerebrated and curarised. 
Exp. 8. Cervical spinal cord cut; rise 43 to 92. 
"ae Rise of blood-pressure and 
6 min. 05 mg. * 0 — sce 0 Pr=39, slight third order waves 
06 „ bine ike 0 Pr=40, waves a little deeper 
16 90 05 90 aés ete 0 Pr=44 
05 „ 3 (40 to 43), rise slow 
40 „ 05 „ * ape on — 14 (44 to 58) 
46 „ 1 3 (44 to 47) 
stim. sciatic; rise 39* 
GF Img. sos ees ave 3 
stim. sciatic; rise 6 
56 „ Img. me ne 2 . 6 (43 to 49), rise slow 
60 „ 20 „ 11. (45 to 56), rise slow 
stim. spinal cord; quick rise 86 to 160 
GT 50 mg. — trade, heart beat slower 


The 
results will be dealt with in a later paper. 


Exp. 9. Cut cervical cord; rise from 46 to 116 


1 Effect on blood-pressure 

6 min. 0-1 mg. — ust Pr=44 

0-1 „ rise 26 (38 to 64) 

24 „ „ ok 

* 0-5 „ late slow rise 18 (38 to 56) 
140 
2-0 mg. * one ie late slow rise 10 (36 to 46) 
Adrenaline given 

C lightly hasten, then slightly delay 


When the first injection of strychnine is 0-5 to 1 mg. the effect of a 
subsequent -5 to 5 mgms. varies in different cases. The chief conditions 
governing the result are I think as follows. The amount of strychnine 
which causes a maximal rise of blood-pressure varies in different animals 

within very narrow limits. If the amount first given causes a large rise 
but is insufficient to cause a maximal rise, then the second injection will 
cause a quick large rise. If a maximal rise has been caused by the first 
injection, a slow and relatively small rise of pressure only will be caused 
by the second injection. In all cases the effect of the later injections 
depends largely upon the state of circulation in the spinal cord. Some 
examples are given in Table III. 

The extent of the rise of blood-pressure caused by the second in- 
jection of strychnine varies within slight limits only with the amount 
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Tam III. Effect on blood-pressure of successive injections of strychnine in the 
spinal and curarised cat, the first injection being 0-5 to 1 mg. 


Exp. 10. 3-2 kg. Cut cervical cord; rise from 74 to 186. : 


injected Change of blood-pressure 
11 min. 1 mg. rise 90 (50 to 140) after delay 40 secs. 
46 „ | Saget „ 102 (48 to 150) begin at once 
Exp. 11. 2-7 kg. Cut cervical cord; rise from 76 to 212. = 
10 min. 0-5 mg. rise 160 (32 to 192) after delay 1} min. 
Exp. 3. 2-2kg. Cut cervical cord; rise from 52 to 186. 
7 8 min. 0-5 mg. rise 125 (53 to 178) 
* 50 „ 05 „ „ 80 (40 to 129) 
i 60 „ 50 „ slow rise 15 (48 to 63) 
1 12 „ 200 „ slow fall 20 (48 to 28) 
E 3 nearly stop heart 
9 Exp. 2. 38kg. Cut cervical cord; rise from 78 to 226. 
es. 12 min. 1 mg. rise 130 (48 to 178) 
29 „ „ 36 (66 to 102) 
* „ 7 (55 to 62) 
~ „ 1 (45 to 46) 
53 „ „ 0 (43) 
62 „ 20 „ fall 6 (41 to 36)* 
* 


Fig. 4. Injection of 30 mgms. of strychnine (a) hour after 0-5 mg, (5) } hour after 
1 mg., a slow fall set in after some minutes. 
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of the second injection. Fig. 4 shows the varying effect of injecting 
30 mgms. of strychnine after a small amount. 

In none of the experiments in which 2 to 5 mgms. of strychnine were 
given as @ first injection, or in several smaller ones, was a large rise of 
blood-pressure caused by any subsequent injection. Sometimes there 
was a similar great decrease in effect after injecting 1 mg. No recovery 
was found by increasing the interval between the injections. Two 
examples are given in Table IV. The rise caused is slow; sometimes very 
slow taking 2 to 3 minutes to reach a maximum as in Fig. 5. It differs 
from the slow rise caused by a first injection when the excitability of the 
spinal cord is slight, in that the maximum is more slowly reached and is 
longer maintained. 

The slow rise suggests a gradual secretion of adrenaline, and the not 


Fig. 5. Very slow rise caused by 2 mgms. of strychnine after a previous 2 mgms. 


(Exp. 4.) 
Tata Iv. Effect on blood-pressure of successive injections of strychnine in the spinal 
cat after a first dose of 2 mgms. 

Exp. 4. Cut cervical spinal cord; rise 90 to 174. 4 
5 min. 2 mgms. rise 108 (44 to 152) 
38 „ ae very slow rise 28 (50 to 78) (Fig. 5) 
40 „ Ae rise 32 (58 to 90) 
„ 
66 „ Inject adrenaline causing a rise to 135; when pressure fallen to 52, inject 


5 mgms. of strychnine—effect trivial (Fig. 6 c) 

Exp. 5. Cut cervical cord; rise 51 to 108. 

3 min. 2mgms. rise 88 (44 to 132) (Fig. 1 6) 
38 „ aS slow rise 13 (45 to 58) 
45 5 slow rise 10 (44 to 54) (Fig. 6 a) 

ries of pressure was peodueed by adrenaline. 
60 min. 5mgms. rise 5 (69 to 74) 
65 „ 1 — 2 (64 to 56), slow fall to 41 

Small rises of blood-pressure on injecting a drug m checked by injecting the same 
quantity of fluid in the same time. Biven Lec. may 
quickly. 
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infrequent preliminary slight fall might also be due to adrenaline. In 
two experiments however injection of the minimal effective amount of 


adrenaline caused a slight rise; no fall could be obtained. 


After several injections of 2 to 5 mgms., varying in number in different 
cases, the effect becomes trivial as in Fig. 6. 

Similar trivial effects are obtained with the later injections of large 
amounts of strychnine as 10 to 20 mgms. These usually cause a slight 
primary fall of blood-pressure, with or without some recovery; but they 
may cause a slight primary rise followed by a slow fall. 

The experiments show that on raising quickly the concentration of 
strychnine in the blood, the first increase, when it reaches a certain very 
slight extent, causes violent activity of the spinal vaso-constrictor 


Fig. 6. Trivial effect of 5 mgms. of strychnine after previous injection (a) after 
272 m gm. (Exp. 5), (o) after 2+2+5 (Exp. 4), (e) after 2+2+6+65 (Exp. 4). 
centres. If the concentration of strychnine is about the minimum re- 
quired to cause a quick rise of blood-pressure, a further considerable rise 
will be obtained by increasing the concentration, but the increase is 
slight that will reduce to small dimensions the rise caused by any sub- 
sequent increase. If we may regard strychnine as stimulating, it follows 
that with increase of concentration, the stimulation increases rapidly, 

then decreases rapidly and then very slowly. 

In the cases just mentioned the blood-pressure was low during the 
later injections and the rise or fall slight. If the pressure is raised by 
adrenaline, after strychnine has been administered, and during the sub- 
sequent fall 10 to 20 mgms. of strychnine are injected, the effect is 
usually slight, as in Exp. 9, Table II, but occasionally there is a quick 
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7 fall of blood-pressure. The following experiments show I think that this 
quick fall is due to an action on a peripheral and not on a central 
mechanism. (a) In a spinal cat in which in consequence of prolonged 
low blood-pressure, fairly strong stimulation of the cord had no effect, 
adrenaline was given and then 10 mgms. of strychnine, this greatly in- 

creased the rate of fall, without change of rate of heart beat and then 
7 gradually stopped the heart. (ö) The blood vessels of the brain and to a 
certain extent also those of the spinal cord of an anesthetised cat were 
blocked by injecting starch grains; neither the vagus nor the peroneal 
nerve had any reflex vascular effect. A rod was passed up the spinal 
cord from the sacral end into the brain and moved about in order to 


Fig. 7. Cat. Spinal cord almost completely destroyed. Pressure raised from 25 mm. 
by adrenaline. Fall of blood-pressure caused by 10 mgms. of strychnine. 


e- destroy the cord. Whilst the blood - pressure was falling, 5 mgms. of 
se strychnine were injected, this caused a brief slight fall, then a brief 
is | slight rise coincident with slight muscular contraction, then a more 
b- rapid fall, the pressure being 30 mms. at the end of a minute. The rod 
vs was again passed up the spinal cord. The blood-pressure being at 25, a 


y; little adrenaline was injected raising the pressure to 66; the injection of 
10 mgms. of strychnine then caused a prompt fall of pressure. A large 
he dose of adrenaline was given raising the pressure to 150 mms. ; while the 
ae pressure was nearly at its maximum, a second injection of 10 oxy 
b- strychnine was made and this caused the quick fall shown in Fig. 7. I 
is this experiment, the destruction of the spinal cord was not quite com- 


ck plete for there were occasional twitchings of the hind limbs and by 
9-2 
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stroking the abdominal surface a reflex start could at times, though not 
constantly, be obtained, but it does not appear possible that the vaso- 
dilator nerve cells should have escaped destruction in such predominance 
over vaso-constrictor nerve cells as to cause the fall of blood-pressure 
which occurred, and there is no evidence that strychnine can stimulate 
directly posterior root fibres and so cause antidromic vaso-dilation. 
Hedborn(7) and Igersheimer(s) found that strychnine in certain 
amount caused diastolic standstill of the isolated mammalian heart, as 
it had previously been shown to do of the frog’s heart. According to 
Lahoussech the pulse in dogs is slowed by a dose of strychnine ex- 
ceeding 5 mgms. In my experiments, strychnine above a certain amount 
always caused slowing of the heart beat and increased pulse pressure 
(ep. Fig. J), but the amount required varied greatly in different animals. 
Although in general in the bulbo-spinal cat the heart beats with con- 
siderable vigour after a very large amount of strychnine, e.g. 100 mgms., 
it is sometimes stopped by 15 to 30 mgms., and this is much more fre- 
quent after prolonged low blood-pressure. The slowing of the heart does 
not account for the fall of pressure caused by strychnine after adrenaline, 
for the fall begins before the slowing (cp. Fig. 7) and there may be some 
recovery of pressure as the beat beeomes slower. The blood-pressure 
tracing does not however show whether there is or is not a primary 
weakening of the heart and consequent decreased output. It may be 
noted that the slow gradual rise of blood-pressure which sometimes occurs 
after the later doses of strychnine may be due rather to increased strength 
of beat than to stimulation of vaso-constrictor centres. | 
The blood-pressure can also be raised by stimulating the spinal cord. 
I have only injected strychnine in two experiments during the rise so 
produced and after the stimulation; it caused a fairly rapid fall of blood- 
pressure. Since, as will be shown in a later paper, strychnine has a 
paralysing action on the bulbo-spinal fibres, the result suggests that one 
cause of the fall of blood-pressure—produced by a large amount of 
strychnine is a decrease of tonic action of the spinal vaso-constrictor 
centres. — 


ayliss! regards the fall of blood-pressure caused by the later injections of strychnine 
the intact animal as due to preponderance of stimulation of a bulbar vaso-dilator centre 
ver that of the bulbar vaso-constrictor centre and even y to stimulation of the vaso- 
_ dilator centre after the vaso-constrictor centre has been ysed. I have not found any 
satisfactory evidence for this theory, nor indeed for the that the bulbar and sacral 
vaso-dilator centres have a common centre in the spinal bulb. 


1 This Journal, 80. p. I. 1908. 
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Vaso-constriction and muscular contraction. So far as previous experi- 
ments show, the amount of strychnine which causes muscular contraction 
in intact animals also causes a marked rise of blood-pressure. If the 
minimal amount of strychnine required for the two processes were the 
same, the fact would imply a remarkable simultaneity in the threshold 
of stimulation of different nerve cells, or possibly a connexion of the 
same nerve fibre with two nerve centres. The question was tested in the 
spinal animal. The vessels of one hind limb were tied before injecting 
curari (so that in this limb muscular movement on injecting strychnine 
could still occur) and a small amount of strychnine (0-1 mg.) was in- 
jected. This caused fairly strong movements of the limb but no rise of 
blood-pressure. Further, after continued low blood-pressure in a partially 
curarised spinal animal, a small dose of strychnine may cause muscular 
movements without rise of blood-pressure. The two events can therefore 
be dissociated. A like dissociation occurs in the later stages of strychnine 
poisoning in the spinal animal. Tetanic contractions of the uncurarised 
limb continue after large doses of strychnine, unaccompanied by any 
change of blood-pressure. The results support the belief that in the 
spinal cord the somatic and autonomic nervous systems are completely 
separate systems. In the fore brain, and possibly in some other higher 
centres, there is a connecting link. 

It may be noticed that when in consequence of ligature of the femoral 
vein, the limb is partly curarised, and strychnine is injected, the spasms 


in the limb may be stopped instead of being increased, by stimulating 


the nervus dorsalis pedis; the inhibition is probably a fatigue effect at the 
neural region of the muscle caused by increase in the number of stimuli 
passing to it. 5 
Effect of nicotine. In a number of cases 3 to 5 mgms. of nicotine were 
injected at the end of the experiment after 20 to 60 mgms. of strychnine 
in all had been administered. In each case it caused primary slowing of 
the heart beat (accompanied or followed by more or less large rise of 
blood-pressure). The constancy of the slowing of the heart affords 
additional evidence (cf. This Journal, 52. p. 256, 1918) that the absence of 


. slowing on giving nicotine after a large dose of curari, although other 


nicotine effects are obtained, is due to the ease with which curari 
paralyses the ne cardio-inhibitory nerve cells. 


SuMMARY. 


The observations were made on decerebrated and curarised cats after 
section of the spinal cord. 
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If the excitability of the cord is not decreased by feeble circulation, a 
large rise of blood-pressure is caused by a small amount of strychnine 
(0-5 to 1 mg.). The maximal rise obtained is nearly as great as that 
obtained in the bulbo-spinal animal. Thus the support given to the 
theory that all vascular reflexes are bulbar, by the supposed slight or 
absent action of strychnine on the spinal cord, falls to the ground. 

Strychnine causes a quick and large rise of blood-pressure in the de- 
capitated cat after excision of the suprarenal glands. Whether the 
secretion or liberation of adrenaline takes part in the rise of blood-pressure 
caused by strychnine was not further investigated. 

The difference between the amount of strychnine which causes no 
rise of blood-pressure and that which causes a maximal rise is small. 

After a large rise of blood-pressure has been produced by about 1 mg. 
of strychnine, subsequent injections cause a small and decreasing rise 
followed by a fall below the original level until the effect becomes trivial. 
When the effect has become trivial and the blood-pressure is raised by 
adrenaline, or by stimulation of the spinal cord, the injection of 10 or 
more mgms. of strychnine may cause a quick primary fall of pressure. 
The fall so produced is of peripheral origin. 

When repeated small amounts of strychnine are injected, no large 
rise is produced by any subsequent amount. It is inferred on the theory 
that strychnine stimulates some central nerve cells, that the degree of 
stimulation depends upon the rate at which strychnine is taken up, and 
that when successive small amounts are given, it is gradually taken up 
nearly to saturation point. 

The centres causing muscular movement and those causing rise of 
blood-pressure are not connected in the spinal cord. : 
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NEUROGLIA AND NON-MYELINATED FIBRES IN 
NERVES. By WINIFRED PARSONS, George Henry Lewes 
Student. | 


(From the Physiological Laboratory, Cambridge.) 


Ranson in 19110, using a modification of the silver impregnation 
method, found in spinal nerves a large number of small fibres grouped 
in bundles and deep black im tint. These fibres he considered to be 
non-myelinated nerve fibres. Later(2) he found similar groups of fibres 
in the posterior roots of the spinal and certain cranial nerves. These 
also he considers to be afferent nerve fibres and holds that they arise 
from the small cells of the spinal ganglia and subserve certain special 
functions. 

The question whether the fibres described by Ranson are nerve 
fibres or not is obviously an important one. In this paper I give an 
account of the observations I have made with regard to it. 

Ranson states that the small black fibres are not materially different 
from the recognised non-myelinated fibres. It may, however, be noted 
that most histologists have described non-myelinated fibres as being 
present in peripheral nerves, but have described them as being few in 
number relatively to the myelinated. It is clear then that the numerous 
fibres described by Ranson have been taken by earlier observers to 
be connective tissue, and from this it may fairly be concluded that there 
is an essential difference in the microscopic characters of the wit, Rane 
non-myelinated fibres and those described by Ranson. 

I have examined teased specimens of cat’s nerve stained with acid 
fuchsin and sections of the nerves of cats and rats treated by the method 
used by Ranson, except that instead of keeping the nerves in a 10°/, 
solution of silver nitrate for three days at 37°, a temperature of 28°-30° 
was employed, when the distortion liable to appear at the higher tem- 
perature did not take place. 

The teased specimens did not show inside the perineurium any 
considerable number of fibres stained with acid fuchsin and it is known 
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that elastic fibres are absent or rare. The result so far as it goes confirms 
the conclusion of Ranson that the small silver-staining fibres are not 
ordinary connective tissue fibres. 

Sections of nerves treated by the silver method showed the deep 
black fibres in small groups as described by Ranson. It seemed 
possible that these might be neuroglia fibres and not nerve fibres. In 
order to test this possibility I used two methods, viz. (a) counting the 
number of fibres in serial sections proceeding from a spinal ganglion, 
and (6) comparing the size of the fibres in the nerves of the cat and the 
rat with the size of the black-staining fibres in tissues — as 
having much neuroglia. 


(a) The number of fibres in serial sections. 

The basis of these observations is that if the fibres are, as Ranson 
holds, the processes of spinal ganglion cells, their number should remain 
fairly constant in passing from the ganglion. This I do not find to be 
the case. In all my specimens the number of small fibres is greatest 
in the ganglia themselves and decreases on the one side towards the 
cord and on the other in the distal part of the nerve near the ganglion - 
(cf. Table I). 

The number of fibres and their position are very inconstant from 
nerve to nerve and moreover the numbers in the corresponding right 
and left nerves are not necessarily equal or even nearly so, nor are they 
in the same nerves in different cats. These differences do not appear to 
me to be due to inequalities of staining, since they are to be found in 
nerves treated side by side throughout the whole process, and since 
the nerve trunk farther away from the ganglion may show well-marked 
groups of black fibres. | 

On following the posterior rootlets from the spinal cord to the 
spinal ganglion, it is found that the small groups of nerve fibres make 
their appearance or increase in number in the rootlets as the ganglion 
cells begin to occur in them. In any given section, the number is roughly 
proportional to the number of nerve cells. The facts suggest that 
neuroglia cells have been carried from the spinal cord with the cells 
forming the nerve cells of the ganglion. 

If, as Ranson contends, the black fibres are nerve fibres arising 
from small spinal ganglion cells, none should be found in the anterior 
roots. Whilst I have commonly found no small black fibres in the 
anterior roots, they do sometimes occur and occur in small bundles 
just as in the peripheral nerves. In one case they were, for a certain 
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Taste I. Number of small black fibres in transverse serial sections through 
spinal ganglion and adjoining nerve portions. a 
The numbers given are necessarily not exact. The average thickness 


of the sections was Bu. 
Cat 1. First left lumbar nerve. 
Number of small black Distance from section i 
fibres in section containing maximum 
847 3016 peripherally 
3075 1512 
3405 Maximum amongst those counted 
687 520 centrally 
20 1904%¼ ” 
Fourth right lumbar nerve. 
1870 . 1416, peripherally 
2462 1048, 
5282 296% * 
7905 Maximum 
4301 1024 centrally 
2847 1300 „ „ 
Cat 2. Third right lumbar nerve. 
2763 968, peripherally 
5662 392 ” 
7241 Maximum 
5793 1024 centrally 
Rat 1. Eighth right thoracic nerve. 
46 552» peripherally — 
50 496 
44 464 ” 
118 440 ” 
185 344 
359 2724 ” 
661 1044 
959 Maximum amongst those counted 
841 48, centrally 
658 „ 
422 2084 „ 
319 3284s 
249 722 — 
208 528 
203 584, 
192 6484 — 
173 65642 „ 
167 6644 „ 
142 7684 
78 920 ” 
32 1168 ” 
30 1392 * 


A similar result was obtained with the ninth thoracic nerve of another rat. 
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number of sections, more numerous in the anterior than in the posterior 
roots; and in another case I found them to be especially numerous in 
the anterior root close to the ganglion. 

In connection with the descriptions given in this section it is 1 
to note that Reichert) described much connective tissue as being 
present in all posterior roots and as being small in amount in the anterior 
roots except in the thoracic region, and that Gaskell(4) stated that 
„if the posterior rootlets inside the dura mater be examined it is seen 
that the connective tissue matrix has disappeared almost entirely and 
with it have passed away all traces of non-medullated fibres.” 


(b) Comparison of size of Ranson’s fibres with that of neuroglia fibres. 

In the sections of the nerves of the cat and rat it was obvious that 
the black fibres were considerably larger in the cat than in the rat. If 
then the recognised neuroglia fibres present the same difference, the 
fact would afford a strong argument in support of the view that 
Ranson’s fibres are neuroglia fibres. 

For the purpose of investigating this, the pituitary bodies both of 
the rat and cat were treated by the pyridine-silver method exactly as 
the nerves and spinal ganglia used above. On cutting sections, it was 
found that the neuroglia of the posterior lobe had taken on the same 
intense black stain which characterises the small fibres of the nerve 

(Figs. 1 to 4). The cells are stained yellow-brown as are also those of 
the anterior lobe, which is quite free from any of the darkly-stained 
tissue. Not only have the neuroglia fibres stained exactly like the small 
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fibres in the nerves and ganglia but they are also of the same size as 
the small fibres in the same animal; that is, in the cat they are con- 
siderably coarser than in the rat, just as the black fibres of the nerves 
are. Comparison of sections from the posterior lobe of the pituitary and 


Fig. 3. Fig. 4. 
DESCRIPTION OF FIGURES. 

All the sections are from preparations stained by the modification of the pyridine- 
silver method as used by Ranson. 

Fig. 1. A small bundle from the dorsal side of the distal end of the ganglion of the 
second right lumbar nerve of cat 1. The small fibres (supposed non-medullated fibres of 
Ranson) are stained an intense black and lie in small groups between the myelinated 
fibres, the axis-cylinders of which are stained a yellow-brown. 

Fig. 2. A bundle in the posterior root of the eighth right thoracic nerve of rat. The 
fibres are much smaller than those seen in the nerves of the cat, but the occurrence is 
similar. 


Fig. 3. Section through the posterior lobe of the pituitary body of cat. The neuroglia 
fibres are stained an intense black; of. the supposed non-myelinated fibres in Fig. 1, 
with which they correspond also in size. 

Fig. 4. Section through the posterior lobe of the pituitary body of rat; cf. the neuroglia 
fibres with the small fibres of Fig. 2. 


from spinal nerves and ganglia therefore suggests strongly that in the 
latter we have a varying amount of neuroglia tissue present. 

Again, parts of the spinal cord similarly treated show that the 
neuroglia fibres have also taken up the same stain. In sections from the 
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10 w. PARSONS. 
thoracic region of the spinal cord of the rat, the neuroglia fibres are 


seen grouped particularly just around the central canal and more 


diffusely through the surrounding part. These fibres are again identical 
both in thickness and in depth of staining with those in the nerves and 
ganglia, but as already shown by the countings, they are not continuous 
with them, since between the cord and the ganglion there may be a 
certain length of the roots practically or entirely devoid of them. 
Finally, sections of the filum terminale of the cat show abundant 
neuroglia fibres, coarser than those in the cord of the rat, but re- 
sembling those of the pituitary, nerves and ganglia of the cat. 

In the nerve trunks typical neuroglia cells are, it is true, not found, 
but in regenerating nerve Langley) has recently described rather 
large rounded cells, without processes, near the point of section, and 


cells with numerous processes in the region of outgrowth, both taking 


silver impregnation, which he suggests may be neuroglia cells. 


SuMMARY. 


The small bundles of black fibres described by Ranson in nerve 
trunks and in posterior nerve roots are inconstant in number in different 
nerves, and in different parts of a nerve. They are numerous in the 
posterior root ganglia and decrease in the posterior roots towards the 


spinal cord, and in the distal part of the nerve trunk near the ganglion. 


They occur at times in anterior roots. They are smaller in the rat than 
in the cat, and a similar difference in size occurs in the two animals in 
the neuroglia fibres of the pituitary body, of the substantia gelatinosa 
around the central canal and of the filum terminale. I take them to be 
neuroglia fibres. 

I wish to thank Professor Langley for calling my attention to this 
problem and for constant help during the progress of the investigation. 
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ACQUIRED TOLERANCE FOR ALCOHOL IN THE. 
FROG’S HEART. By FRED RANSOM. 


(The Pharmacological Laboratory London (R. F. EH.) School of Medicine 


for Women.) 


Ir has been reported by various observers (e.g. Dixon) that the frog’s 
heart is able in certain conditions to make use of weak solutions of 
alcohol and Dixon says that this is especially the case when the heart 
has been previously weakened by perfusion with a glucose-free medium. 
Kuno) perfusing the excised hearts of rabbits found that the organ 
has a certain power of habituating itself to alcohol, so that under 
repeated perfusions with alcohol solutions and washing between each 
with Locke’s fluid each succeeding alcohol perfusion was less depressing 
than the preceding. Kuno gives figures showing a diminution in later 
perfusions as compared with the first but his figures do not show the 
heart beating effectively under toxic concentrations of alcohol. 

In the present investigation it is demonstrated that a toxic concen- 
tration of alcohol sufficiently strong to stop the heart for a time, may 
be spontaneously almost completely recovered from without changing 
the perfusion fluid and further that a toxic solution of alcohol can in 
certain conditions restore a heart depressed by a more toxic concen- 
tration. 

Method. All frogs were pithed. The heart was suspended by attaching 
the apex of the ventricle to a writing lever and was perfused in situ 
from a cannula in the inf. cava, the cut aortas serving as outlet. The 
perfusing fluid was contained in- Marriott bottles, so that the pressure 
remained constant for each experiment. A frog’s Ringer was used and 
in this the alcohol was given. The frogs were temporaria and the 
experiments were carried out in April, May and June at room tempera- 
ture. 
It was found that frogs’ hearts perfused in the manner described 
were not usually depressed by less than 0-5 p.c. alcohol, but with reference 


to the concentration which would cause temporary stoppage individual 
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hearts varied considerably. In the tracings appended the upstroke 
represents systole, R means Ringer’s fluid only, A means Ringer with 
alcohol, if no percentage is added the previous strength was repeated. 
Time marker indicates 30 secs. 

Exp. 1 (Fig. 1). Spontaneous recovery under perfusion with 2 p.c. alcohol. Between 
A and B 40 mins, perfusion with 2 p.c. aloohol. At X drum stopped for 60 mins. continuous 
perfusion with 2 p. o. 


The experiment shows that a heart stopped by alcohol may be able 
spontaneously to resume working though still perfused with the same 
strength of alcohol as at first produced stoppage. The restoration was 
not complete but it reached about 80 p.c. of the original efficiency, 
moreover there was no further depression even when the alcohol per- 
fusion was continued for more than an hour. 


Alcohol 1 p.c. had little effect, 2 p.c. produced depression followed by 
almost complete restoration, 3 p. c. stopped the heart for some 30 mins., 
then, still under the alcohol, recovery gradually set in; 4 p.c. stopped the 
heart for a while but gradual restoration followed in presence of the 
alcohol. The experiment indicates clearly the extraordinary power 


which the frog’s heart possesses of accommodating itself to even highly 
toxic concentrations of alcohol. 


Alcohol 2 p.c. depresses, 3 p.c. stops for a short time then recovery 


commences, and is quickly completed by substituting 2 p.c. for 3 p. c. 


The rest of the tracing shows in three instances the curative effect of 
2 p.c. following 3 p.c. alcohol. It is to be noticed that after the first 
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Exp. 2 (Fig. 2). Continuous perfusion with alcohol solution raising the concentration 
at intervals. Between A and B, 40 mins, perfusion with 2 p. O. alochol. Between B and C. 
30 mins. perfusion with 3 p.c. Between C and D 14 mins, perfusion with 3 p.c. 


Fig. 2. 


rp. 3 (Fig. 3). Perfusion with a toxic concentration of aloohol and use of a less 
toxic concentration to promote recovery. B follows immediately on A. 
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administration 3 p.c. does not stop the heart but only causes loss of 
the gain under 2 p.c. The experiment shows that a toxic concentration 
of alcohol which itself produces depression may when substituted for 
a higher concentration produce recovery instead of depression. 


Exp. 4 (Fig. 4). Habituation to a highly toxic concentration of aloohol and then 
using it to promote recovery from a still higher concentration. B follows difectly on A. 
C follows directly on B. Between C and D 30 mins. perfusion with 4 p. o. alcohol. 


Fig: 4. 


Spontaneous recovery under 3 p.c. alcohol after primary stoppage, 
change to 2 p. c. induces complete restoration, 4 p.c. depresses, 3 p. o. 
now restores. 

The experiment shows that a highly toxic solution (3 p.c.) if used after 
4 p. o. may instead of depression cause recovery. 


Primary stoppage and then partial recovery under 4 p.c., change to 
5 p. c. causes depression, 6 p. o. further depresses and finally stops the 
heart, reversion to 5 p.c. is followed by very considerable recovery. The 
experiment shows that even a so highly toxic concentration as 5 p. c. 
may if preceded by 6 p.c. promote recovery. 

Discussion. On looking over these experimental results certain 
points come prominently into view, firstly the rapidity with which the 
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alcohol depression sets in and secondly the ready reversibility of the 
reaction on changing from alcohol to Ringer or from a higher to a lower 
alcohol concentration. This quickness with which depression and 
restoration occurred suggests that the surface activity of alcohol and 
its ready diffusibility in water, rather than a chemical change, may be 
the cause of the phenomena. 

On the other hand the spontaneous recovery under alcohol was much 
more prolonged and moreover it was usually not a complete restoration 
such as occurred on passing from alcohol to Ringer—with the con- 
centrations used more or less evident depression generally remained. 
Perhaps we have here a manifestation of the fact that alcohol is both 
| Exp. 5 (Fig. 5). A highly toxic concentration may promote recovery from a concen- 
tration which is usually fatal. Between A and B 13 mins. perfusion with 4 p.c. alcohol. 


Between B and C 16 mins. perfusion with 5 p.c. Between C and D 10 mins. perfusion with 
6 p.c. 


Fig. 5. 


a depressant of cell activity (narcotic) and a potential food. If the 
cardiac muscle of the frog possesses any innate power of utilising 
alcohol it is conceivable that in the continued presence of the drug an 
increased power to make use of it might develop. There would then 
be a degree of antagonism between the narcotic and the food effect 
and an equilibrium might be established which would tend to favour 
muscular work when the alcohol concentration was low, whilst with 
higher concentrations the depressant effect would become dominant 
and this is very much what the tracings show. i 
It may be added that no restoration occurs with chloroform, ether 
or chloral when solutions of a toxicity corresponding to 2 p. c. and 3 p. c. 
alcohol (Waller) are perfused. This fact seems to support the sugges- 
tion that the tolerance acquired for alcohol by the frog’s heart may be 
an increased power of utilising the drug as an energy producer. : 
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SuMMARY. 


In perfusion experiments with the frog’s heart it is shown that 
(1) spontaneous recovery from toxic concentrations of alcohol can take 
place in presence of the alcohol, and (2) that after intoxication with a 
stronger solution change to a somewhat weaker but still toxic concentra- 
tion will cause a more or less evident restoration. ‘ 

Further, it is suggested that the spontaneous restoration is evidence 
of acquired tolerance. 

As compared with the pre-alcoholic efficiency the restoration under 
distinctly toxic concentrations of alcohol was never complete, some 
evidence of the depressing effects of the drug always remained; with 
weaker solutions (Fig. 4 B) the results were more favourable. 
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VASO-MOTOR CENTRES. Part Il. Observations on the 
action of strychnine. By J. N. LANGLEY. 


(From the Physiological Laboratory, Cambridge.) 


CONTENTS. 
I. Effect of strychnine on the rise of blood-pressure caused 
by electrical stimulation of the spinal or- 147 
II. Vascular effects of strychnine in the bulbo-spinal anima! 132 
III. The supposed conversion of vaso-dilator to vaso-constrictor 
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nerve impulses by strychnine ‘ our 
IV. Other observations on the effect of strychnine: in the 

anesthetised animal; after ergotoxin; on pilo-motor 


THE experiments were made on thecat. The procedure was that described 
in Part I) and it need only be said that the animals unless otherwise 
mentioned were decerebrated by Sherrington’s method and then 
curarised before giving strychnine. For convenience I speak of strych- 
nine as causing a rise of blood-pressure by stimulating nervous centres, 
although it is still an open question whether it stimulates or only 
increases the responsiveness of the centres to external stimuli. 


I. Effect of strychnine on the rise of blood-pressure caused by electrical 
stimulation of the spinal cord. 

The effect of strychnine upon the nerve fibres proceeding from the 
higher centres to the spinal vaso-motor centres has not so far as I know 
been previously investigated. These fibres we may for brevity speak of 
as bulbo-spinal fibres, though it is possible that they include nerve 
fibres from higher centres. 

The spinal cord was stimulated by placing electrodes flat on the 
surface of the cut lower end of the cord. Currents rather strong to the 
tongue were required to produce a marked rise of blood-pressure. 
A wide difference was found in the different experiments in the strength 
of current required to produce a given effect, a result no doubt due to 
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a different degree of reduction of excitability caused by the preliminary 
procedure. In the protocols of the experiments, the position of the 
index of the secondary coil is given (s.c. =); with the apparatus used 
the shocks were just felt on the tongue with s.c. about 15cm.; they 
could be barely borne with s.c. about 8cm. The rise of blood-pressure 
varies of course up to a certain limit with the duration of the stimulus. 
I have usually stimulated for 10 to 20 secs. according to the degree of 
excitability. Sometimes stimulation with moderately strong currents 
for about the first minute after section of the cord has but little effect, 
subsequent stimulation gives a rapidly increasing effect, and soon a 
fairly constant rise is obtained. The immediate decrease of effect is 
probably due to fatigue caused by the previous strong mechanical 
stimulation, but I may note that an excitable cord after injecting 
strychnine may respond to several successive stimuli at short intervals 
with a large rise of blood-pressure. 

Strychnine up to a certain limit increases the excitability of the 
bulbo-spinal fibres. If the stimulus is near the threshold and a small 
amount of strychnine is injected, the primary increase obtained soon 


lessens, but can be obtained again by repeating the injection as in the 


following experiment, in which the excitability of the cord was consider- 
ably less than usual. 


Exp. I. Cat, 2.3 kilos. 


Rise of blood- on 
Section of spinal cord rise from 32 to 52 mm. Hg. successive stimulation 
cord, s.c. =10 (current near threshold) * 0, 3, 4, 8 
11 min. 0-1 mg. strychnine—no rise 3. 
cord 22 55, 28, 4. 7 
„ min. later 13 
25 min. 0-1 mg. strychnine—no rise 
cord * 56, 45, 32, 22 
45 min. 0-1 mg. strychnine—no rise 
cord eee 50, 14, 17, 22 
56 min. 1-0 mg. strychnine—rise 26 
cord bee aes 30, 17, 23, 20 
cord, 8. c. 8 * 124 


In the iutervals of stimulating tbe blond-pressuse was ‘only 25 to 30 mm. Hg. The 
sciatic throughout this experiment caused only a slight rise of blood-pressure. 


The revival of effect on giving more strychnine is in small part only 
due to recovery from fatigue, for I usually made the interval between 
the stimuli immediately preceding and immediately following the 
injection of strychnine shorter than the interval between some of the 
other stimuli. i 

An increase in the effect of cord stimulation is also seen when the 
cord is more excitable and a stronger current used, but the decrease 
in effect of successive stimulations is less (Exp. 2). 
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Rep. 2. Cat, 2-35 kilos. 


Cut cord at 2nd thoracic—a rise from 96 to 216mm. Hg. Effect of successive stimuli 
10 sec. 4e. — Rise to 64, 67 
20 » 100, 186 
8 min. ” 20 70, 75, 73 
17 min. 0-1 _ttrychnine—no rive Pr. =42 8 
sciatic, 0 sec. Rise of 8, 8 
7 9 * . Rise to 228 
” ” ” 162 
> , 17 „ „ 2 
38 min. 0-1 mg. st?ychnine—no rise. Pr. —40 
sciatic, 20 sec. ‘Rise of 39 
42 min. ,, ” „ 33, 28, 12 
10 ‘ Rise to 211 (Fig. 2) 
sciatic (during fall) 20 
60 min. 1-0 mg. sirychnine—rise 48 to 213° 
coed, 10 ( ‘kl following stimuli) ien 22 218 
co sec. quic y to 
89 min. 5-0 mg. strychnine—slow rise 39 to 
Rise to 148, 177, 156 
mine—trifiing rise and slo 
strychni wer 
— 0, 
cord, 20 Rise to 132, 176 
114 min. 20-0 mg. strychnine—fall 99 to 60 
cord, 20 sec. tee eee Rise to 95, 86, 75 
N In cord stimulations, the 8 height sbtained is given; in sciatic stimulations 
the difference between the starting and the maximum pressure. 


-The increase of excitability caused by a small dose of strychnine 
lessens progressively as further strychnine is administered and passes 
into a state of decreased excitability. The extent of the decrease varies 
greatly in different experiments. The more excitable the cord to begin 
| with and the higher the blood-pressure during the experiment, the less 
> is the decrease (cp. Exp. 2). I have not found complete paralysis with 
the maximal amount of strychnine I have given, viz. 60 mgms. The 
following experiment is an example of a large reduction of excitability 
by 5 mgms. of strychnine, and of survival of some excitability after 


more than 50 mgms. 
4 Exp. 3. -Spinal cat. 
Two injections each of 0-5 mgm. strychnine, 
cord, 12sec. s.c.=9 bie 4 1 Rise 144 (52 to 196) Fig. la 
5 mgm. strychnine 
cord, 18 sec. Jos as oe Rise 62 (46 to 108) Fig. 1 5 
. ees Rise 34 (28 to 62) 
„ 8 Rise 68 (32 to 100) 
30 
7 sec. 8 Rise 34 (14 to 48). 


On successive injections of strychnine, a rise of blood-pressure can 
be obtained by stimulation of the cord long after stimulation of the 
| 10—2 
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sciatic has ceased to have an effect and long after a rise is produced by 
strychnine itself. It may be noted that when the spinal cord in conse- 
quence of feeble circulation has only a slight effect, 10 mgms. of strych- 
nine reduces very slightly the rise caused by stimulating the cord. 
The rise of blood-pressure in my experiments was, I think, mainly 
due to stimulation of vaso-constrictor nerve cells, though it was no 
doubt aided at times by secretion of adrenaline and by acceleration of ö 
the heart beat. Whilst it is clear from the results of other observers 


Fig. I. Stimulation of lower cut end of cervical cord (a) after 0˙5 +0-5 mgm. 
strychnine; (b) after an additional injection of mgm. The upper signal 
line refers to tracing a, the lower to tracing b. The extent of the reduc- 
tion of excitability in this case was exceptional. ? 

that stimulation of the spinal cord may cause more or less secretion of 
adrenaline, the blood-pressure tracings did not show before strychnine, 
and very rarely after it, a marked double peak such as has been described 
by several observers, and figured by myself as occurring in the rabbit’. 
Not infrequently the fall was perfectly smooth as in Fig. 2. The fall of 
| the blood-pressure varied however considerably in form, and so far 
I have been unable to satisfy myself as to the causes of the variation. 


1 This Journal, 20. p. 236. 1896. 
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The question whether strychnine has a differential paralysing action 
on vaso-constrictor nerve centres governing different areas, on adrenaline _ 
secreting centres and on cardio-accelerator centres I shall discuss at a 
later time. It is clear that stimulation of the cord after a large dose of 
strychnine somehow causes acceleration of the heart beat (cp. Fig. 3). 
As the rise of blood-pressure begins before the acceleration, I take the 


Fig. 2. Smooth rise and fall of blood-pressure on stimulating the 
spinal cord; two injections of strychnine each of 0-1 mgm. 
had been made. 


rise to be due in part at any rate to vascular constriction, and to be due 
to an action on vaso-constrictor centres since stimulation of the spinal 
cord after excision of the adrenals and injection of a fairly large dose 
of strychnine still causes a rise of blood - pressure. 

I have made one or two observations on the effect of stimulating the 
orura cerebri, tegmentum and adjoining structures in decerebrated cats. 
Before giving strychnine the primary rise caused by the stimulation 
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was, in one experiment, followed by a quick brief fall possibly due to 
stimulation of bulbar vaso-dilators; after 10 or more mgms. of strychnine 

I have only obtained a rise of blood-pressure or no effect. In these experi- 

ments the decrease in effect was greater than that caused by the same 

amount of strychnine on the effect of stimulating the spinal cord, and 

during prolonged low blood-pressure, the excitability above the bulb 

disappeared before that of the spinal * e results suggest some 


Fig. 3. Stimulation of the spinal cord after injection of strych- 
nine. a. After 20 mgm. of strychnine, moderate current; 
6. after 50 mgm. strychnine, strong current. 


paralysis of the fibres proceeding from the higher centres of the brain ‘ 
to the bulbar centre, but further observations on this point are desirable. 


II. Action of strychnine in the bulbo-spinal animal. 
The action of strychnine in the bulbo-spinal cat closely corresponds 
in most respects with that which I have described in the spinal animal (9). 
The differences are in the main at any rate due to the much better 
circulation in the former. 
(a) The rise of blood-pressure obtained on injecting strychnine in 
five experiments on the bulbo-spinal animal is given in Table I. 
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Taste I. Rise of blood-pressure in bulbo-spinal cat on injecting strychnine. 


4 0-1* 90 to 248 mm. H 
10 85to 210 „ 

6 2-0 146 to 198, 

7 93 (o 108 „ 

8 107 40 to 180 „ 


After two previous injections of -05 mg. 

7 Decerebrated by starch grains injected into carotid artery. 

The average height attained by the blood-pressure in these experi- 
ments is distinctly higher than in those made on the spinal animal, the 
maximum height is somewhat greater (248 instead of 212 mm. Hg.), 
and the minimal amount of strychnine required to cause a large rise 
is a little less. The results suggest that the rise of blood-pressure caused 
by the action of strychnine on the spinal vaso-constrictor centres is 
reinforced by an action on the bulbar centre, but since in the spinal 
animal the circulation is slow and spinal excitability more or less im- 
paired, the effect of the bulbar centre on the reaction cannot be deduced 
with any certainty. 

The curve of rise of blood-pressure has no marked double peak; 
when the pressure has reached its maximum height it falls quickly for 
about 20 seconds, then slowly for a minute or two, and finally somewhat 
less slowly. 

(6) After a first injection of about 1 mg. of strychnine, there is more 
chance in the bulbo-spinal than in the spinal animal of obtaining con- 
siderable rise of pressure by a second injection provided it is not given 
at too short an interval: thus in one experiment 1 mg. of strychnine 
injected 20 minutes after a first injection of 1 mg. caused a rise from 
68 to 104 and after a further interval of 23 minutes, | mg. caused a rise 
of 82 to 106. The results show as we should expect that the better the 
circulation the more rapid the dissociation of the combined strychnine. 
If, however, the injections are made at short intervals, there may be, 
as in the spinal animal, very little effect (cp. Exp. 5). 


Exp. 5. Img. strychnine “bee rise 85 to 210 
3 min. 1 mg. se — „ 82 to 84 * 
10 min. I mg. „ O (Pr. 50) 
16 min. 5 mg. “ * „ 54 to 58; then slow fall to 40 


(e) After 2 to 5 mgms. of strychnine have been injected further 
injection of a similar amount given after a considerable interval has 
usually only a slight immediate effect—a slight rise or fall. In some 
cases there is a primary rather quick fall, the minimum pressure being 
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attained in about half - a- minute; after this there may be a rather ra pid 
rise to a level a little above or below the original, and followed by a 
slow fall, or there may be only a slow partial recovery of pressure. 

A larger amount of strychnine—10 to 20 mgms.—always causes a 
fairly quick primary fall; there is then partial recovery followed by a 
gradual considerable fall. 

The variations which occur in the blood- pressure—there are minor 
ones besides those mentioned—may be referred to three main factors: 
(i) the residual excitability of the vaso-constrictor centres; (ii) the 
degree of decrease of central tonic action on the blood vessels. As we 
have seen in § I, strychnine tends to paralyse the bulbo-spinal fibres ; 
the better the circulation the less is the paralysis both in extent and 
duration; (iii) a peripheral action, which I take to be a primary 
weakening of the heart beat. I have shown (9) that in the spinal animal, 
in conditions in which central action is out of the question, strychnine 
causes a rapid fall in the rise of blood-pressure caused by adrenaline. 
In the bulbo-spinal or spinal animal it is only necessary to wait until 
the spinal cord is inexcitable or nearly inexcitable in order to obtain 
by strychnine a rapid fall of the blood-pressure which has been raised 
by adrenaline. This effect might be due to strychnine antagonising the 
action of adrenaline on the blood vessels, but since the heart after pro- 
longed low blood-pressure is very apt to be stopped in diastole on 
injecting strychnine, the effect of strychnine on the adrenaline rise of 
blood-pressure is naturally explained by a weakening of the heart beat. 
As the concentration of strychnine in the blood diminishes there is more 
or less recovery of strength of beat and consequent rise of blood-pressure. 
When a large dose of strychnine is injected and central tone has not been 
abolished there is an additional factor, viz. a decrease of conductivity 
in the peripheral nerve cells, but this is probably unimportant relatively 
to the central paralysis. ) 

The form of blood-pressure curve caused by an injection of strychnine 
after 5 to 10 mgms. have been given—especially in an anesthetised 
animal—naturally suggests that the primary fall is due to stimulation of 
vaso-dilators, and this view has been taken by Bayliss) who holds that 
the vaso-constrictor centre is paralysed by strychnine before the vaso- 
dilator. If this were the case stimulation of the bulb and of the spinal 
cord should cause a fall of blood-pressure at the stage at which strych- 
nine causes a fall of blood-pressure. In fact, the stimulation causes a 
rise. Further, in the cat the first dose of strychnine causing a rise of 
blood-pressure causes flushing of the nose and of some other parts of 
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the bucco-facial region, but the later injections of strychnine which 
cause a fall of pressure cause so far as I have seen no flushing. Whilst 
there is evidence that strychnine stimulates vaso-dilator centres, this 
action is I think so much overpowered in the cat by stimulation of 


vaso-constrictors that it has no recognisable effect on the blood-pressure 
curves. 


It was noticed by Dickinson and myself (1) that brucine caused primary flushing 
of the ear of the rabbit. Wertheimer (2) found maximal flushing of the bucco-facial 
region of the dog on injecting a small amount of strychnine and that the flushing was 
slight or absent after section of the lingual and glosopharyngeal nerves. In the cat a similar 
but relatively slight flushing occurs (see also p. 157). 


(d) The degree of slowing of the heart caused by strychnine is variable 
as in the spinal animal. The maximal slowing with about 10 mgms. 
takes place in 3 to 1 min., there is then a gradual recovery of rate. 
After 10 to 20 mgms. the slowing is long lasting. In general the less 
the excitability of the spinal cord in consequence of low blood-pressure, 
the smaller the amount of strychnine required to stop the heart in 
diastole. 

I have not found any constant difference in the effect on the heart 
whether the vagi were cut or uncut, there was no clear evidence of the 
cardio-inhibitory centre being stimulated although strychnine increases 
the excitability of the cardio-inhibitory centre to venous blood (10). 


An exception to the general course of events on injecting strychnine occurred in an 
experiment in which a large amount of starch was injected. Stimulation of the vagus had 
no reflex effect on the blood-pressure, and stimulation of the sciatic had no certain effect, 
so that the bulbar centre was out of action as regards reflexes. The blood-pressure, however, 
was a little above 60 mm. Hg., so that the bulb was probably exercising some tonic action. 
Each of three injections of 5, 10, and 20 mg. respectively caused a gradual rise of blood. 
pressure, taking more than a minute to reach a maximum. Ordinarily the first ‘injection 
would cause a much quicker rise of blood-pressure and the third—with the existing pressure 
—would cause a fall. Some of the vessels of the bulb and of the first cervical segment were 
blocked. The differences in the ordinary effects were probably due to some starch grains 
having passed down the anterior spinal artery and caused partial blocking in the vessels 
of the spinal cord. The experiment was as follows :— 


Cat. Chloroform. 1-5grm. urethane per kilo, sub-cutaneously, 3c.c. of 10 p.c. . 
starch suspension injected into peripheral end of each carotid. Stim. vagus, no effect. 
Stim. sciatic, no effect on blood-pressure or doubtful trace. 15 mg. curari. 

O min. 5 mg. strychnine—rise 62 to 66 in 40 sec. and slowing of heart, then 
quickly but gradually rise to 92. Stim. sciatic, no effect 
9 min. 10 mg. strychnine—gradual rise 70 to 120 
„ 20 „ és ual rise 64 to 110 
„ 0 „ 70 all 108 to 68 
2 „ nicotine— rise 64 to 
„ Stop artif. respiration—trifling brief rise after 30 sec. : 

In each case the injection of strychnine caused marked long 3rd order waves, with 

slowing of the heart and increased pulse pressure. 5 
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The great effect on spinal irritability of obstructing spinal circulation was shown in 
a striking manner in another experiment. Strychnine was injected into an anesthetised 
and non-curarised cat. When tetanus had set in, 6 c.c. of 10 p.c. starch was injected rather 
quickly into the peripheral end of one carotid artery. The muscular spasms ceased in a 
few seconds, the muscles became lax and there was no recurrence of muscular contraction. 
Starch in small patches was found along the whole length of the spinal cord, though the 
amount seemed quite insufficient to account for the complete cessation of strychnine 


effect. I may mention that the reflex action of the vagus is commonly abolished by an 


apparently trivial injection of the bulbar vessels. 


Asphyzia. The effect of asphyxia was noted at the end of the experi- 
ments, both in the bulbo-spinal and in the spinal animal. In soine 
cases it caused no rise. But not infrequently there was a trifling rise— 
usually beginning in about a minute—even after a large amount of 
strychnine (30 to 60 mgms.). In one case in a spinal animal in which 
24 mgms. of strychnine in all had been given, the rise was not incon- 
siderable. In this case it began 34 min. after cessation of artificial 


Fig. 4. Asphyxial rise after 24 mgms. 9 


respiration, and was apparently due to increased output by the heart 
(cf. Fig. 4). 

Paralysis of vaso-motor centres. In the intact animal, absence of 
reflex effect and absence of asphyctic rise of blood-pressure are commonly 
taken as showing that the vaso-motor centre is paralysed. On the theory 
—uncontested for many years—that the action of strychnine is on some 
part of the afferent fibres, and on the more recent theory that the action 
is on commissural (relay) cells, it is obvious that the afferent nerve 
cells need not be paralysed, and that it is misleading to speak of para- 
lysis of the vaso-motor centre unless it is held that cutting off the 
afferent impulses abolishes its activity. The theory that the toxic 
action of strychnine is not on the afferent nerve cells has been supported 
by Bayliss) on the ground that in the rabbit strychnine stops the 
asphyctic rise of blood-pressure before it stops a rise being produced 
by the depressor nerve. I have not tried this experiment in the pabbit, 
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but in the cat the absence of paralysis of the spinal afferent nerve cells, 


at a period of strychnine injection at which neither stimulation of 
afferent fibres nor asphyxia produces a rise of blood-pressure, is markedly 
and constaritly shown by stimulating the bulbo-spinal fibres. As said 
above, @ rise of blood-pressure can be produced by stimulating the 
spinal cord after 60 mgms. of strychnine. - 

Strychnine after removal of the suprarenal glands. The removal of 
the suprarenal glands does not prevent strychnine from causing an 
approximately maximal rise of blood-pressure. Thus in one experiment 
in which after removal of the suprarenals, both the vagus and the dorsal 
nerve of the foot caused good vascular reflexes, 5 mgms. of strych- 
nine caused a quick rise of blood-pressure from 86 to 218 mm. Hg. 
The curve was not distinguishable from that ordinarily obtained with 
the suprarenals in situ. 

Strychnine after removal of the abdominal viscera. I have mentioned 
in an earlier paper (7) that strychnine still causes a rise of blood-pressure 
after removal of the stomach and intestines. In the experiment referred 
to, the rise was from 110 to 154 mm. Hg. I have made one other experi- 
ment. In this the blood-pressure was low (33 mm. Hg.) after decerebra- 
tion and curarisation so that the central excitability was certainly 
decreased. The stomach, intestine, and right kidney were excised. 
Stimulation of the dorsal nerve of the foot caused a rise from 40 to 
50 mm. Injection of 5 mg. of strychnine caused a quick rise, but only 
from 38 to 77. Whether the small rise of blood-pressure was due to the 
volume of the blood relatively to the capacity of the vessels being less 
than in the intact animal, or to strychnine having a less effect on the 
vaso-constrictor centres of cutaneous vessels than those of visceral 
vessels must be left for further inquiry. 

It is however fairly clear that strychnine causes in the cat constriction 
of cutaneous as well as of abdominal vessels and that the dilatation 
which occurs in the bucco-facial region is a special local action. It 
would be unsafe to generalise from these facts. The vaso-motor mechan- 
ism has some special modifications in the rabbit, cat and dog; and the 
experiments which have been made on the dog tend to show that in this 
animal strychnine causes cutaneous vaso-dilation. 

Wertheimer and Delezenne (3) found that strychnine caused a rise of temperature 
in the foot of the dog and flushing of the pads, and Bayliss (5) that after removal of the 
abdominal viscera and section of the cervical and lumbar sympathetic nerves, the first 


injection of strychnine caused a fall of blood-pressure. The results however were not in 
either case definitely shown to be due to active vaso-dilation. 
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III. The supposed conversion by strychnine of vaso-dilator to 
vaso-constrictor impulses. 

In the experiments given in this paper I commonly stimulated the 
vagus before and after giving strychnine, and in no case obtained a 
reversal of effect on the blood-pressure. In a former paper () I have 
shown that there is no adequate basis for the theory that strychnine 
converts vaso-dilator into vaso-constrictor impulses, i.e. reverses the 
action of impulses normally inhibitory. The effect of strychnine after 
a preliminary stage of increase of excitability is to decrease reflex 
vascular effects whether pressor or depressor. In the vagus there are 
always some fibres capable of causing a rise of blood-pressure, though 
how far the effect is produced by direct action on vaso-motor centres 
and how far by an indirect action by way of other centres is not known. 
The depressor branch of the vagus of the rabbit has at times, if not 
always, a few such ‘pressor’ fibres and when their action is distinct it 
is shown by a slight rise of blood-pressure, after or towards the end of 
excitation. In certain indefinite conditions, strychnine decreases the 
activity of these fibres—as it does that of the vagus fibres peripherally 
of the depressor nerve—less than it decreases the effect of the depressor 
fibres. The facts at present known are sufficiently explained in this way. 

If inhibition and excitation depend upon the number of nerve impulses affecting a 
cell, a change in the rate of electrical excitation causing one or other process might be 
brought about by drugs. This, however, is a wholly different conception from that of an 
inhibitory nervous impulse being changed into an exciting impulse. 

The theory of the reversal of the vascular reflexes by strychnine 
was suggested by Sherrington’s observations on somatic reflexes (4). 
In a later paper (s) Owen and Sherrington left the question an open 
one. Recently Cushny/(8) has given reasons against the reversal of 
somatic reflexes by strychnine. It may be pointed out that a very 
small fraction of a milligram of strychnine is sufficient to cause the 
change described by Sherrington in somatic reflexes, whereas 
Bayliss) gives the amount required to cause the reversal of vascular 


effect as 70 mgms. for the depressor of the rabbit and about 14 mgms. 
in the cat. 


IV. Other observations on the effect of strychnine. 

Strychnine in the anesthetised animal. On comparing the blood- 
pressure tracings obtained in the bulbo-spinal animal with those obtained 
earlier in the anesthetised animal in connexion with another aspect 
of strychnine effect (7), some differences appear. The recovery of pressure 
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after the primary fall with the later injections of strychnine was much 
more complete in the anssthetised than in the bulbo-spinal animal, 
and sometimes the blood-pressure instead of only partially recovering 


the level existing before injection rose slowly but more or less consider- 


ably above that level. So far as I have seen an after rise of this slow 
kind above the original level does not occur in the bulbo-spinal animal. 
Whilst the difference in the after rise in the two cases might be due to 
some loss of function of the spinal bulb in consequence of decerebration, 
it is I think caused by an action of strychnine on the centres above the 
bulb. 

Strychnine after ergotovin. It has been shown by Dale! that 
ergotoxin (chrysotoxin) paralyses in the cat sympathetic motor nerves, 
though with varying ease, but does not paralyse sympathetic inhibitory 
nerves or para-sympathetic nerves. Whilst it seemed unlikely that strych- 
nine given after ergotoxin would stimulate central vaso-dilators—for 
Dale found that ergotoxin abolished vascular reflexes—it was desirable 
to determine directly what, if any, effect it produces. I give below an 
abstract of the experiment made. We have seen that the stimulating 
effect of strychnine is at its maximum on injecting one or two milligrams, 
and that subgequent injections have little or no effect, but if in sufficient 
amount cause a fall of blood-pressure. In the experiment, all the in- 
jections of strychnine had the same immediate effect, viz. a trifling fall of 
blood-pressure followed by more or less recovery, and a trifling slowing 
of the heart beat. Strychnine then does not stimulate the vaso-dilator 
mechanism after a sufficient amount of ergotoxin; the slight fall pro- 
duced I take to be of peripheral origin. The quick brief fall of blood- 
pressure which occurred 45 secs. after the second injection was probably 
due to a transient weakening of the heart beat. The fact that the later 
strychnine injections caused only a trifling slowing of the heart beat 
suggests a predominance of the action of ergotoxin on the cardiac muscle. 

Cat. 1-5 gm. urethane per kilo sub-cutaneously; vagi cut, starch grains injected into 
right carotid blocking the arteries of the fore-brain, mid-brain, more or less of the cere- 
bellum, and probably some of the spinal bulb, since the breathing stopped and the vascular 
reflex from the vagus and peroneal nerves was only slight; 20 gm. of curari. Bl. pr. 
(right carotid) =61. ig 

Variations of blood pr. 
0-4 min. 11 mgm. ergotoxin phosphate in three doses rise to ge ra 
Late marked ocular effects as from symp. stimu- 
lation, eyes very projected: left c. sy. causes slight 


dilatation of the pupil Effects persistent 
12 min. Pr.=154; 5 mgm. strychnine 150, 152 


1 This Journal, 34. p. 163. 1906. 
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Variations of blood pr. 
15 min. Pr.=138; 10 ‘ 126, 133, after 45 sec. 
quick fall to 100, then 
to 127 
nicotine, left pupil slightly 
” mistarition quickfallto41,with doub- 
ling of rate of heart 
t 
35 „  Pr.=102; 10 mgm. nicotine uick fall to 63, heart 
uickened 
41 „ Pr. a6; 10 „ 55 quick fall to 72, heart 
rate not changed 
47 „ Pr. 80; 10 „ strychnine 72, 83 


The great quickening of the heart by nicotine is remarkable in view of the fact that, 
as shown by Dale, ergotoxin causes no paralysis of oardio · inhibitory fibres, but greatly 
weakens the accelerator fibres. The progressive decrease in the effect of the nicotine injec- 
tions is in harmony with Dale’s view that its effect after ergotoxin is due to stimulation 
of peripheral dilator nerve cells, though if the nicotine was of the nominal strength the third 
injection would normally have no effect. The continuance of fairly high blood-pressure 
after 30 mgm. of nicotine affords some evidence of a direct action of ergotoxin on blood 
vessels. 

The ocular effects of ergotoxin were different from those in Dale’s experiment which 
were made in different conditions. Instead of contraction of the pupil, there was dilatation, 
and the exophthalmos was greater than I have ever seen in a cat. 


Pilo-motor centres. Strychnine causes, usually at any rate, no erection 
of hairs either in the spinal or bulbo-spinal animal. After injection of 
a large amount of strychnine, there is occasionally some erection of hairs, 
this I take to be due to asphyxia of the spinal cord brought about by 
low blood-pressure and feeble circulation. 


SuMMARY. 


The experiments were made on the cat; some of the results are not 
necessarily applicable to other animals. 

Strychnine up to a certain small amount increases the rise of blood- 
pressure caused by sub-maximal stimulation of the spinal-cord; above 
this small amount it causes a decrease of the effect.of cord stimulation, 
but complete absence of effect is not caused by 60 mgm. 

The effect of strychnine on the bulbo-spinal animal closely resembles 
its effect on the spinal animal. The maximum rise of blood-pressure 
is caused by a small amount; after this amount has been given, further 
injection causes a slight and decreasing rise. The differences are in the 
main at any rate due to the higher central tone and better circulation 
in the bulbo-spinal animal; the later injections of strychnine cause a much 
more marked primary fall of blood-pressure and partial recovery. 
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_ The form of the blood-pressure curve with injections of strychnine 
after the first depends on the balance of several factors, viz. the remaining 
excitability of the central vaso-constrictor centre, the degree of para- 
lysing action on central tone, and the degree of peripheral action which 
is probably a weakening of the heart beat. Central vaso-dilator stimula- 
tion plays little part in the form of the curve, though, as described by 
Wertheimer in the dog, there is with the first injection more or less 
flushing in the bucco-facial region. 

Strychnine causes an apparently maximal rise of blood-pressure 
after excision of the suprarenal glands; it causes some rise of blood- 
pressure after removal of the abdominal viscera, and it is inferred that 
its action on cutaneous vessels apart from local special areas, as on 
visceral vessels, is one of constriction.  * 

Strychnine -does not convert vaso-inhibitory into vaso-constrictor 
impulses. 

Strychnine after a large dose of ergotoxin causes a trivial fall of 
pressure, probably of peripheral origin. 

In anesthetised animals strychnine after causing a primary fall may 
cause a slow rise of blood-pressure above the original height, suggesting 
stimulation of centre’ above the level of the spinal bulb. 
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THE NEUTRALITY OF THE BLOOD. 
By W. M. BAYLISS. 


| 


(From the Institute of Physiology, University College, London.) 


In the course of certain experiments made for the purpose of finding out 
whether the passage of fixed acid into the blood was capable of producing 
a state of progressively falling blood-pressure, analogous to that of wound- 
shock, it was necessary to obtain determinations of the hydrogen-ion 
concentration of the arterial blood as it actually was in the body when the 
sample was taken. Since this depends on the amount of carbon dioxide 
dissolved, that is, on the alveolar tension of carbon dioxide at the time, 
it is clear that if the hydrogen-electrode is to be used for the purpose, 
the gaseous atmosphere with which the blood is brought into equili- 
brium must contain carbon dioxide at the alveolar tension in question. 
This implies a measurement of the, alveolar carbon dioxide tension, not 
a simple matter in animal experiments. I therefore turned to the use 
of indicators and was able to devise a simple method capable, with 
practice, of as accurate results as the electrical method. Sgrensen 
has shown the possibility of using indicators in this way and from 
his results it appeared that neutral red would be an appropriate one 
for the present object. This indicator has a regular series of changes 
in tint from crimson to yellow, through red and orange, being crimson 
at a hydrogen-ion concentration of 10-5 and bright yellow at 10-" with 
a regular series of perceptible differences in tint all the way between 
these limits. Changes outside these limits are impossible in the blood 
of the living animal. Phenolsulphone-phthalein is a favourite indicator 
in the United States for a similar range and would doubtless serve as 
well as neutral red. I find myself, however, that I can detect the 
changes in neutral red more easily. Miss Homer (1917) and Van Slyke 
(1919) recommend it for work with serum and it is not sensitive to the 
presence of salts or proteins. In general it is a valuable indicator for 
living cells, being non-toxic and readily taken up by the cells. 

Method. The method of using it for blood is as follows: A conical 
centrifuge tube holding 15 c.c. is supplied with a small amount of 
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powdered potassium oxalate, as for the Van Slyke method of determining 

alkali- reserve.“ 3 or 4 C. c. of liquid paraffin are poured into the tube. 
From a cannula in an artery of the animal, blood is allowed to flow 
into the tube until about 10 C. c. are collected. Liquid paraffin is added 
until the tube is nearly full. It is then inverted a few times, with the 
thumb placed over the top, in order to dissolve the oxalate and is then 
centrifuged. There results a layer of paraffin at the top, which protects 
for some time from loss of carbon dioxide to the atmosphere, a mass 
of corpuscles at the bottom, and a layer of plasma between the two. 
A drop of 0-1 p.c. neutral red is added to the upper part of the plasma 


layer by means of a fine pipette inserted through the paraffin. The 


indicator is mixed with the upper part of the plasma by stirring 
with the pipette and the colour noted and compared with a similar 
sample taken after various treatment of the animal. 

In the experiments for which the method was first used, it was 
merely desired to see whether the addition of acid or alkali to the blood 
during the life of the animal changed the reaction, so that it was unneces- 
sary to compare the tint with standards. It was found that however 
slowly the acid was run into the vein, some degree of hemolysis resulted. 
The plasma in the subsequent samples was therefore stained slightly 
red, so that a trace of hemoglobin was added to the original sample 


until the colours matched before the addition of the indicator. The 
_ hemolysis can be reduced to some extent by making the acid hypertonic 


by the addition of 2 p.c. sodium chloride. 

If the actual hydrogen-ion concentration was required, the colour 
was compared with that of neutral red in a series of phosphate solutions 
of known H-ion concentration in the manner of Sgrensen. In this 
case, the colour of the standards must previously be made to match 
the plasma by the addition of some dye. Dr C. J. Martin has used 
caramel and flavine. I find a trace of hemoglobin of assistance. But 
various other appropriate dyes would serve. The method used by 
Walpole and Cole with the comparison in separate superposed tubes 
pa also be used, but would require a larger supply of the plasma. 

As regards the standards, they may be made by mixing the acid and 
alkaline phosphates in various proportions. But I prefer Prideaux’s 
method (1911, 1916) of mixing a standard phosphoric acid ‘with sodium 
hydroxide in various proportions, as shown by the Table below. The 
only difficulty is the preparation of the molar phosphoric acid. The 
concentration may be estimated by precipitation with ammonium 
molybdate and dissolving the precipitate in sodium hydroxide, as in 


11 


* 
« 
‘ 
* 
* 


164 W. M. BAYLISS. 


the method known as Neumann's, or more easily by titrating with 
sodium hydroxide to phenol-phthalein as indicator, which becomes 
rose-coloured when all the phosphoric acid has been converted into the 
di- sodium- hydrogen phosphate. Both methods gave the same value 
with my solution. 


The method above-described might be modified for use with venous blood for clinical 
purposes, where a simultaneous sample of alveolar air could be collected, say, in a rubber 
bag, or better, in a glass collecting tube. No paraffin need be placed in the centrifuge 
tube and probably less than 10 c. c. of blood would suffice. This may be collected in a 
syringe containing a little powdered oxalate, immediately transferred to the centrifuge 
tube and the plasma separated. A sample of the latter is drawn off with a pipette and run 
into a stoppered bottle. A drop of neutral red is added, The colour seen is not indicative 
of the H-ion concentration in the arterial blood of the patient because it was venous when 
taken and has also been exposed to the air. But if the bottle is filled with alveolar air of 
the patient and rotated geveral times, the H- ion concentration of the plasma becomes that 
of the arterial blood. It is well to replace the air by a second supply and if the colour 


changes, by a third supply. ’ 


c.c. NaOH H-ion Colour to neutral red Colour to other indicators 

10-0 10-* Crimson Red to methyl-orange 

10-6 10-5 Crimson Orange to methyl-orange 
Red to methyl-red 

11-5 10-* Trace of red Orange to methyl- red 

13-0 104 orimson, red Vellow- orange to methyl - red 

15˙5 10 7 orimson, red ~ Yellow to methyl- red 

16-0 crimson, red 

16-5 10-** Red 

17-2 107 Trace of orange 

17-7 10 7 orange, red 

18-0 10-7? orange, 

19-2 10-77 

19-6 10-* more 

20-0 10— Colourless to phen 

20°4 Faint red to ‘phenol: 

21-0 Ios Red to phenol-pht 
Colourless to thymol- 

22-6 10-4 Blue to thymol- 
Yellow to tropoeolin 

28-5 10—Ll Yellow Orange to 8 


The first column gives the number of c. c. of normal sodium hydroxide to be added 
to 10 c.c. of the molar phosphoric acid in order to make a solution of the H-ion concentration 
given in the second column when diluted to 100 c.c. The colour assumed by neutral red 
in each solution is that stated in the third column, but it is to be understood that the 
finer shades can only be distinguished by comparison with those on each side. The object 
of the fourth column is to check the results at the extreme ends of the series, where neutral 
red is less sensitive than in the middle region. The effect of the colour of plasma or of 


urine is to shift the tint towards the yellow. Thus: neutral red in a phosphate solution of 


10 coloured to match plasma has the colour of the watery solution of 10“ T7. 
The H-ion concentration of the laboratory distilled water was 10-*; if boiled out in 
a Jena flask, it fell to 10-**. The tap water was 10~-**. 
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The blood of the normal cat was found by the method described to 
have the hydrogen-ion concentration of the standard known to be 10 
normal, the colour being reddish-orange; that is, slightly on the alkaline 
side of neutrality (10707), in accordance with previous observers. 
Experiments made by Dale and Richards and by myself had shown 
that comparatively large amounts of hydrochloric acid could be intro- 
duced into the circulation without harm and the question arose whether 
under such circumstances there was any actual increase in the acidity 
of the blood. It is clear that the term “acidosis” suggests that there is 
an increase in the H-ion concentration. But this state of acidosis is 
defined by Van Slyke and Cullen (1917) as consisting in a reduction 
of the bicarbonate concentration of the plasma, owing to combination 
of part of it with fixed acids. 

In the present series of experiments, sufficient acid was injected 
intravenously to reduce the bicarbonate to one-third of its normal 
value, a severe degree of “acidosis.” This required 10-4 c. c. of half- 
normal acid per kilogram of body-weight. Twenty to thirty minutes later, 
a second sample of blood was taken. Comparing this with one taken 
before the acid injection, the H-ion concentration was found to be 
unaltered, although the bicarbonate concentration was reduced to one- 
third. This behaviour is, in point of fact, what would be expected from 
the work of Haldane and Priestley (1905) and of L. J. Henderson 
(1908) and is merely a new form of a result already known. But the 
fact itself and its explanation are apt to be forgotten in discussions on 
acidosis, so that some further remarks are desirable. Assuming for 
the moment that the plasma contains sodium bicarbonate, a question 
to be returned to later, together with dissolved carbon dioxide, we may 
regard the H-ion concentration as determined by the relative proportion 
of the two, as shown by L. J. Henderson. The bicarbonate is a source 
of OH’ ions, that is, of alkalinity, because, as a salt of a weak acid with 
a strong base it is hydrolytically dissociated to a certain degree into 
NaOH and H,CO,. The former is strongly dissociated electrolytically, 
producing OH’, the latter comparatively little, but giving H ions. The 
addition of more CO, raises the concentration of the latter ions. The 
reaction of the plasma might in theory vary between that of a pure 
sodium bicarbonate solution and that of a similar solution saturated 
with carbon dioxide at 760 mm. pressure. The latter value is readily 
obtained and is 108. The former is practically impossible to obtain 
because sodium bicarbonate dissociates in solution into sodium car- 
bonate and carbon dioxide if the tension of the latter to which it is 
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subjected falls below 225 mm. of mercury or 0-3 p. c. by volume 
(Bohr; 1892. Buckmaster; 1918}. But according to Clark (1913, 
p. 86), a 0-01 p.c. solution of bicarbonate in equilibrium with a tension 
of carbon dioxide of 7-6 mm. of mercury has a H-ion concentration 
of 107. Blood plasma contains 0-25 p.c. and I find that a solution of 
this concentration in equilibrium with 0-38 p.c. carbon dioxide at 38° has 
a H-ion concentration of 10. It is clear then that if the bicarbonate 
is diminished in concentration and thus the alkalinity decreased, the 
deficiency can be compensated by a corresponding reduction in carbon 
dioxide, which brings about a reduction in the H-ion and makes the 
ratio between the H and OH’ ions the same as before. 


A simple method by which small quantities of solution can be brought into equilibrium 
with various gaseous mixtures was used in the experiments described in this paper. 
A spherical flask of about one litre in capacity is provided with a perforated india-rubber 
stopper into which a glass stopcock is fitted. The capacity of the flask is measured. Part 
of the air is withdrawn by means of a filter-pump and the tap closed. A known volume of 
the solution is run in by connecting a pipette to the tap by a short bit of rubber tubing 
and then opening the tap for a moment. A gas collecting tube of the required capacity 
with a stopcock at both ends is filled with the gas and attached to the rubber tube in place 
of the pipette. The two stopcocks, that of the flask and the nearest one on the gas tube, 
are first opened and then the outer one. The rush of air carries the gas into the flask and 
is followed by air up to atmospheric pressure. The flask is then closed and the gas tube 
removed. By rotation of the liquid over the sides of the flask, equilibrium is rapidly 
attained. The solution can then be poured into a test-tube under liquid paraffin and 
compared with the standard phosphates. If the gas is taken up in large amount by the 
solution, it would be necessary to repeat the process with the solution already in approxi- 
mate equilibrium. 


When a fixed, non-volatile acid is added to the blood, a part of the 
bicarbonate is converted into the salt of the acid, while carbon dioxide 
is given off. This carbon dioxide raises the H-ion concentration of the 
plasma and at the same time the OH’ ion is reduced because of a removal 
of part of the bicarbonate. The increased H-ion concentration excites 
the respiratory centre to increase the ventilation of the lungs, the carbon 
dioxide tension in the alveoli continues to be lowered until the H-ion 
concentration of the blood is brought back to a point at which the 
respiratory centre ceases to be abnormally stimulated. At this point, 
the free carbon dioxide in the blood has been reduced in proportion to 
the reduction of the bicarbonate. The increased ventilation at the 
first introduction of acid into the circulation is obvious, but it might 
appear that continued hyperpnœa would be needed in order to maintain 
the alveolar tension of the carbon dioxide at the required point. Pre- 
sumably the sensibility of the centre is great enough to respond to so 
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slight an increase in the carbon dioxide tension in the blood that the 
necessary permanent increase in ventilation is so small as to require 
special means to detect it. 

The reason why the hydrogen-ion concentration of the plasma 
remains the same after the injection of acid is therefore because less 
carbon dioxide is present. That this is the case is easily shown by taking 
samples of the plasma before and after injection of acid and bringing 

them both into equilibrium with normal alveolar air. Using my own 
alveolar air, I found that the tint of the former sample was unaltered, 
while that of the latter, of the same tint as withdrawn, became red, 
indicating that its previous carbon dioxide content was lower than that 
of normal alveolar air. The difference was still more marked if a further 
reduction in the bicarbonate of both was produced by adding sufficient 
acid to neutralise the remainder of the bicarbonate in the second sample. 

These facts show the inappropriateness of the name “acidosis” as 
used to express a state in which all that is known is that the bicarbonate 
reserve is lowered. A reduction of the bicarbonate reserve is a fact in 
itself of no importance; it may be associated with an increase, a decrease, 
or no change in the H- ion concentration. Acidosis” ought to be limited 
to the first case, but since its use has led to so many conflicting state- 
ments and confusion of thought, it would be better to avoid the use of 
it altogether. The name “alkalosis” is equally to be deprecated. 

A further confirmation of the regulating action of the respiratory 
centre was afforded by depressing the excitability of this centre by the 
injection of morphine until the rate of respiration was reduced to about 
8 per minute. In this state, the introduction of acid produced very 
little hyperpnœa and a sample of the blood showed that its H-ion con- 
centration was actually. raised. 

It seemed of interest to test the behaviour to an increase in the 
concentration of bicarbonate in the blood, especially since 4 p.c. solu- 
tions have been frequently used for intravenous injection. I found some 
difference in the reaction of individual cats. An amount of the salt 
sufficient to add one-quarter to the original concentration was usually 
injected. Sometimes the H-ion was unaltered; but, in other cases, there 
was a long-lasting decrease in this value, even in cats which responded 
normally to acid injection. It appears that the necessary increase in 
the alveolar carbon dioxide tension to compensate for the increase in 
alkali is less readily brought about than the decrease required for acid. 
The initial effect of the bicarbonate is, as well known, a reduction in 
pulmonary ventilation and probably the reason why this does not 
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continue, so as to allow the alveolar carbon dioxide to rise, is because 
it would be necessarily associated with a deleterious diminution in 
oxygen supply. The latter would, by the production of acid substances 
in the respiratory centre, lead to an increase in pulmonary ventilation. 
The respiratory mode of reaction is, therefore, less effective against 
alkali than against acid, whereas a few experiments suggest that the 
renal reaction plays the greater part in the latter case. 

These experiments, although incomplete, are of some interest. In 
one of them, an amount of hydrochloric acid sufficient to combine with 
half the bicarbonate of the blood was injected during 37 minutes. The 
urine collected during this period and the subsequent 40 minutes was 
just perceptibly more acid than that before the injection, but was still 
alkaline to methyl red, as the cat’s urine normally is. Human urine is 
acid to methyl red, 5-2 Cc. c. of half-normal sodium carbonate per kilo. 
body-weight were then injected. The urine now became alkaline, not 
only to methyl red but to neutral red, whereas it was previously acid to 
this indicator. | 

Milroy (1917) has pointed out that sodium Wandesse is rapidly 
eliminated by the kidney. It is obvious that if the H- ion concentration 
of the blood is quickly brought to normal, by loss of carbon dioxide 
from the lungs, when acid is injected, there is no stimulus to the kidney 
to excrete acid; whereas, when alkalies are injected, the H- ion concen- 
tration is not readily increased by restricted respiration, the blood 
becomes more alkaline and the kidney excretes the excess. In an 
experiment in which a large quantity of acid sodium phosphate was 
injected, no increase in the acidity of the urine could be detected. 

In the former of the above experiments, the third known means 
of neutralising acid was tested, that is, the increased excretion of 
ammonia. There was, in fact, a slight increase after acid injection, but 
not great. The urine was aerated after addition of sodium carbonate, as 
in the urease method of determining urea, and the respective amounts 
of deci-normal acid required to neutralise one hour’s urine before and 
after the acid were 6-4 and 7-8 c. c. respectively, a small difference com- 
pared with the amount of acid injected, which would have required 
130 C. 0. of deci-normal alkali to neutralise it completely. But the 
observation only lasted for 77 minutes after the injection and the effect 
might have been more marked if a longer time had been allowed. 


If the increase in ammonia is due to a restriction of the conversion of the ammonia 
resulting from deamination of amino-acids, into urea, it would be expected that a decrease 
of carbonate in the blood would result by mass action in a decrease of the formation of 


— 


— 


- 
* 55 
+- 
* 
7 
* 
- 
1 
— 
"a 


NEUTRALITY OF BLOOD. 169 


urea, since ammonia is converted into the carbonate before it is changed to urea. The urea 
was estimated in the experiment in question by the urease method and found to have 
practically the same ratio to ammonia before and after acid; so that the experiment, 
as far as it goes, does not support the interpretation given. This ratio was less than is 
the case in man, being about 8 to 1. The corresponding neutralisation of excess alkali by 
the production of lactic acid described by Macleod (1918) was not investigated in my 
experiments. 

The question next arises as to whether there is actually free bicar- 
bonate in the blood and if so, whether it is sufficient to account for the 
whole of the carbon dioxide given off when sulphuric acid is added to 
the plasma, as in Van Slyke’s method. 

When serum is dialysed against 0-9 p.c. sodium chloride, the dialysate 
behaves as if it contained sodium bicarbonate. That is, the H-ion 
concentration is found to vary between about 100 to 10-* as the 
tension of the carbon dioxide with which it is in equilibrium rises from 
zero to 760 mm. It gives off gas in the Van Slyke apparatus, and the 
gas was absorbed by sodium hydroxide. Further, when a known volume 
of cat’s serum is allowed to dialyse into equilibrium with an equal 
volume of 0-9 p.c. sodium chloride, and the dialysate titrated with 
acid to neutrality to methyl-orange, it is found that the value obtained, 
assuming equal partition of the bicarbonate between the serum and 
the salt solution, corresponds with the value for cat’s serum obtained by 
Van Slyke’s method, that is, a concentration of 0-023 molar or 49 volumes 
of carbon dioxide per cent. So far as this experiment goes, it would 
seem that all the carbon dioxide that comes off from plasma on addition 
of acid comes from bicarbonate and that no indiffusible constituent, 
such as protein, plays a part. 

It remains to enquire whether possible variations in the alveolar 
carbon dioxide tension are sufficient to compensate for a reduction of 
the bicarbonate concentration in the blood to such a degree as occurs 
in “acidosis.” 

Two bicarbonate solutions were taken, one of 0-03 molar, the other of half this con- 
centration. In equilibrium with alveolar air, the latter was obviously more acid than the 
former, having a H- ion concentration of 10-77 as against the former of the usual 1074. 
The more acid solution was then brought into equilibrium with a carbon dioxide tension 
of 25 mm. of mercury. The H- ion concentration was brought down to 10~"*, that is, as 
allsaline as the more concentrated bicarbonate in equilibrium with 40 mm. carbon dioxide 
tension. On the other side, the more concentrated bicarbonate solution, when exposed to 
a carbon dioxide tension of 79 mm., became nearly equal in H-ion concentration to the 
more dilute one, namely 107. With 62 mm. tension, it was 107. 

Such changes in carbon dioxide tension of alveolar air are well 
within the capacity of pulmonary ventilation. Yandell Henderson 
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and Haggard (1918, p. 336) point out that to compensate for a reduc- 
tion of the bicarbonate by one-third only 50 p.c. more ventilation is 
required and if the bicarbonate rises by one-third, 25 p. c. less ventilation 
is necessary. Haldane and Priestley (1905) showed that a rise. in 
the alveolar tension of carbon dioxide from 40 to 41-6 mm. of mercury 
(or 0-2 p. o. increase in the volume of carbon dioxide present) is sufficient 
to double respiratory ventilation. 

On account of the statements made by Moore, McQueen and 
Webster (1919) that serum possesses ten times the capacity of neutral- 
ising acid, or regulating reaction, of a sodium bicarbonate solution of 
concentration equal to that present in serum and that this is due to the 
proteins contained in serum, 1 have devoted some experimental work 
to the question. No doubt, if serum, after dialysis against repeated 
changes of 0-9 p. c. sodium chloride in order to remove all the bicarbonate, 
is titrated with methyl-orange as indicator, a comparatively large 
amount of acid is required to change the colour of the indicator, indeed 
a volume of deci-normal hydrochloric acid nearly equal to the serum. 
But the H-ion concentration at which this indicator changes its colour 
is 10-* and we are clearly beyond the limits within which it varies in 
the living organism. According to L. J. Henderson, an increase 
beyond 10, or a decrease below 10-8, is incompatible with life. The most 
severe cases of “acidosis” reported do not show a diminution of alkaline 
reserve to less than about one-third of the amount. A bicarbonate 
solution containing one-quarter of that in serum, even in equilibrium 
with normal alveolar air, has a H-ion concentration of 10-7. It is 
necessary, therefore, to test whether proteins.are capable of com- 
bination with acid or alkali in the region immediately in the neighbour- 
hood of neutrality. In other words, whether they play any part in the 
neutralisation of the small amounts of acid produced in tissues, as they 
slowly pass into the blood. Similarly, if serum or a protein solution is 
titrated with alkali to the reaction indicated by phenol-phthalein 
(i. e. 109, it combines with a notable amount of deci-normal sodium 
hydroxide. But here again the limits are beyond those possible in the 
organism. The excised heart is greatly weakened or even — at 
this degree of alkalinity. 

An indicator such as neutral red, which changes tint at regions in 
close proximity to the neutrality of distilled water, must be used. The 
problem may be attacked in several ways. We may dialyse serum 
against 0-9 p.c. sodium chloride until it is deprived of diffusible alkali 
and then compare the behaviour of this serum with that of its final 
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dialysate. Or we may dialyse it against a solution of sodium bicarbonate 
of equal concentration and compare the two solutions after equilibrium 
is reached. Or again, we may test whether serum deprived of bicarbonate 
has any power of changing the reaction of a bicarbonate solution. 

In my first experiments, I allowed dialysis to take place under a pressure of about 
40 mm, of mercury applied to the contents of the dialyser, in order to avoid dilution by 
endosmosis, but the dilution was found later to be very small when left open to the air, 
and no difference could be detected between the behaviour of the solutions in the two cases. 
It was soon found necessary to ensure the presence of an excess of carbon dioxide during 
the whole course of the dialysis, or as long as any sodium bicarbonate was present. This 
was done by occasionally passing a current of carbon dioxide from a Kipp generator 
through the contents of the dialyser or the outer liquid. The reason why this is necessary 
is because the tension of this gas in the atmosphere is below the dissociation tension of 
sodium bicarbonate in solution, so that the carbonate is produced. The alkalinity thus 
brought about is sufficient to enable combination between the protein and sodium. In 
fact, if a current of air be passed through a 0-03 molar solution of the bicarbonate, this 
is found to become alkaline not only to phenol-phthalein, but to thymol-phthalein, that is, 
its H- jon concentration is reduced to 10-". It has already been pointed out that a sodium 
bicarbonate cannot exist in the presence of a lower tension of carbon dioxide than 2-25 mm. 
of mercury, or 0-3 p.c. by volume. This fact must be remembered in the use of saline 
perfusion fluids containing sodium bicarbonate, * 
supposed. 

Taking first serum that had béen dialysed against 0-9 p. c. sodium 
chloride until all the bicarbonate had been removed, on comparing the 
effect of adding acid to the neutral protein solution, on the one hand, 
and to the dialysate, on the other, it was found that the addition of one 
drop of a 0-03 normal hydrochloric acid to 5; e.. made both acid to 
neutral red and that the tint was identical in both. The amount of 
acid added would make the solution 0-0004 normal. Thus the protein 
present in serum will not combine with even this small amount of acid 
at or near the neutral point. Put in other words, a solution of serum 
proteins behaves like 0-9 p.c. sodium chloride towards acids when neutral 
red is used as indicator. Fes albumin in 6 p. c. solution behaved in the 
same way. 

Taking next serum 3 into equilibrium with sodium bicarbonate 
solution, acid was added to the serum and to the outer solution in 
sufficient quantity to combine with one-half of the bicarbonate present 
and then both were brought into equilibrium with alveolar air in order 
to ensure equal tension of carbon dioxide, The colour change of neutral 
red was identical in both, namely from orange to orange-red. In the 
experiments with serum, the colour of the dialysate was matched with 
that of the serum by the addition of caramel, flavine and hemoglobin 
if necessary, but the tint was usually so slight in the dialysed serum 
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that it was difficult to detect any difference when neutral red was added 
without the precaution mentioned. In one experiment acid was added 
to both until all the bicarbonate was decomposed and the solution became 
10-57 in H-ion, but no difference in tint could be detected. This is of 
course merely another form of the former experiments. Serum in equili- 


brium with bicarbonate behaves like the bicarbonate solution devoid of 


protein, within the limits referred to. 

If proteins are able to combine with bicarbonate, that is, if they 
behave as stronger acids than carbonic acid, the addition of dialysed 
serum or egg albumin to a bicarbonate solution should change its 
reaction. If both solutions are neutral, the colour of neutral red in the 
bicarbonate solution should be changed to the acid side. In point of 
fact, it is unchanged. If, however, the bicarbonate solution is first 
aerated and thus converted into carbonate, its alkalinity is sufficient 
to ensure combination with protein and if neutral dialysed serum be 
added to such a carbonate solution, which is red to phenol-phthalein, 
the red colour disappears, owing to formation of the sodium _ of the 
protein, which is less dissociated than.the carbonate. 

This is, no doubt, the explanation of the fact to which Moore, 


McQueen and Webster (1919) call attention, namely, that all the 


carbon dioxide can be removed from serum by bubbling air freed from 
carbon dioxide through it. The proteins at the H-ion concentration of 
10-" combine with the sodium hydroxide provided by the hydrolytic 
dissociation of the carbonate and more sodium hydroxide continues to 
be produced until all the carbonate is decomposed. But it is incorrect 
to describe the phenomenon, as is often done, as a driving off of carbon 
dioxide by the proteins acting as acids. The cagbon dioxide is removed 
by the air and the alkalinity resulting is great enough to enable combina- 
tion between the Na ions and the protein to take place. It also accounts 
for the fact to which Buck master (1917) calls attention, namely, that 
carbon dioxide is not given off more rapidly from a bicarbonate solution 
in vacuo when blood is added to it. The proteins do not begin to play 
a part until the H-ion concentration is reduced to 10-” by production 
of carbonate. 


The following experiment shows that H,CO, is a stronger acid than proteins. Horse 
serum was aerated by air free from carbon dioxide until its H-ion concentration was 10-'°*, 
the proteins then becoming combined with sodium. After exposure to carbon dioxide 
again, this serum behaved towards different tensions of the gas just as it did originally 
and like a solution of sodium bicarbonate. It became orange to neutral red with alveolar 
air, for example. Thus the sodium proteinate was ee by carbon dioxide and 
sodium biéarbonate formed again. 
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Proteins do not combine with weak acids or bases, as they are also 
unable to combine with neutral salts. Although some statements have 
been made, especially by Pfeiffer and Modelski (1912), that amino- 
acids form definite compounds with calcium and lithium chlorides, 
I have, in a repetition of their experiments, been unable to confirm 
the statement. Mixed crystals of all kinds of numerical proportion 
between the constituents are formed and if particular experiments are 
selected any proportion desired can be obtained. These experiments 
will be published elsewhere. a 

The explanation usually given of this different behaviour of proteins 
to weak and strong acids is that in neutral solution the acidic. (COOH) 
and basic (NH,) groups are not free, but combined in a ring formation 
in some way, and that until the hydrogen-ion or hydroxyl-ion con- 
centration has risen to a certain height the ring remains unbroken and 
the protein unable to act either as acid or base. The most probable 
mode of connection seems to be that of an internal ammonium salt 
similar to the betaines. Thus, 


N(CH); 
Ordinary betaine ong | : glycine oud | 


The following experiment shows that glycine itself has a very small 
capacity of neutralising acid near the neutral point. 


The colour of methyl-red in a deci-molar solution of Kahlbaum’s glycine was the same 
as that of the boiled out distilled water with which the solution was made, namely orange. 
If one drop of 0-03 normal hydrochloric acid was added to 5 c.c. of the glycine solution the 
colour was changed to red, whereas that of the distilled water became crimson. That is, 
the increase in H-ion concentration was slightly greater in water than in the glycine solu- 
tion. But the capacity of glycine at deci-molar concentration is very much less than that 
of even 0-006 molar bicarbonate. The latter solution is yellow-orange to methyl-red, but 
by adding a trace of neutral red it can be made to match the glycine when both are brought 
into equilibrium with alveolar air. The addition of one drop of 0-03 normal HCl changes 
the colour of the glycine to crimson-red, but has no perceptible effect on the bicarbonate. 


According to Van Slyke and Birchard (1914), the free amino- 
groups of proteins are represented by half those of the lysine contained. 
Hartley (1914) finds that serum proteins contain 13-5 p.c. of their 
nitrogen in the form of lysine, so that 6-75 p.c. is present as free amino- 
groups, Taking the protein content of serum as 6 p.c. and the nitrogen 
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content of protein as 15 p. c., the nitrogen as free NH, groups works 
out as about 0-06 or 0-05 p.c. molar, a lower value than that of the 
glycine used in the above experiment and corresponding with that found 
by titration with hydrochloric acid to the change of tint of methyl- 
orange. On the basis of the osmotic pressure of thie proteins in serum, 
its concentration is 0-002 molar; hence each molecule would possess 
about 25 free amino-groups. The word free means, of course, poten- 
tially free, that is, not combined as NH—CO. 

There is another possibility of explaining the behaviour of proteins. 
An internal anhydride may be formed by removal of water, so that 


with a peptide linkage similar to that between the constituent amino- 


acids of the protein, or to that of the amphoteric ion of Bredig and 
Walker: 
aiker NH 
in which the opposite charges unite to 
NH 
2 
R 
Against this latter view is the fact that proteins are not electrolytically 
dissociated in neutral solution. Pauli was able to dialyze serum until 


its conductivity was practically that of water. Moreover, it requires the 
powerful action of strong acid to split this linkage by hydrolysis. On 


the other hand, the former mode of ring-formation might seem to be 


too easily broken, but the acidity with which we are concerned is very 
small, only N 10,000 or N 100,000. Thus, a H- or OH-ion concentration 
below 10-4 is unable to break the linkage and no neutralization of the 
acid or alkali ours. 

It is well to be clear on the question as to what happens when dilute 
acid, say N 100 HCl, is added to a neutral solution of a protein until the 
change Of tint of methyl-orange occurs. This indicator tells us nothing 
until a H-ion concentration of 10-* is reached. At this point, the ring 
is broken and the free amino groups combine with the acid. That no 
combination takes place until sufficient acid has been added to change 
the colour of methyl orange is shown by the behaviour to neutral red, 
which changes colour as soon as the first trace of acid is added. Owing 
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to this absence of combination, very little acid is needed to bring the 
H-ion concentration to 10-*, 1 c. c. of N 100 to 100 c. c. of the solution. 

The application of the word “ buffer,” or more correctly, tampon, 
to substances present in. blood is apt to suggest more complexity than 
is actually the case. Practically, the only substance of any importance 
physiologically is sodium bicarbonate and the mode in which it acts is 
simple. 

Since then there is no evidence that weak acid or alkali can combine 
with proteins, it seems unlikely that they should be able to carry carbon 
dioxide from the tissues to the lungs. 


When serum dialysed free from bicarbonate is compared with water as regards the 
change in reaction produced by alveolar air, it is found that the increase in H-ion concen- 
tration is just as great in the case of serum as in that of water. It is scarcely possible that 
any combination could take place without a change in this value. 


Of course, if the tension of carbon dioxide to which blood is exposed 
falls below 2-25 mm. of mercury, the sodium carbonate formed has an 
alkalinity great enough to combine with proteins and thus lead indirectly 
to a giving off of carbon dioxide. But the alveolar tension can never 
be reduced to this value. 

The possibility of the formation of protein compounds with carbon 
dioxide of the nature of Siegfried’s “‘carbamino-acids,” in which the 
NH, group is converted into NHCOOH, must be taken into consideration. 
The experiments given by this investigator (1905), in which calcium 
hydroxide was added and then carbon dioxide led through, while the 
changes in electrical conductivity were determined, are not convincing; 
indeed, the investigator himself seems to have some doubt about them. 
He does not give any experiments similar to those with glycine and 
alanine in which an increase of conductivity occurred when carbon 
dioxide was led through the pure acid. This increase was due to the 
carbamino-acid being dicarboxylic and a stronger acid than glycine, 
etc. I was able to confirm this (1907, p. 251), but obtained only a very 
small and somewhat doubtful effect with leucine, 80 * a result with 
protein seems improbable. 


The compound of carbon dioxide with glycine is reversible according to the tension of 
carbon dioxide. Thus, a deci-molar solution of glycine becomes red-orange to methyl-red 
when in equilibrium with alveolar air. The original orange tint returns when exposed to 
atmospheric air. If a carbamino-acid were formed, the solution of glycine should become 
more acid than water does when in equilibrium with alveolar air, because this acid is 
stronger than carbonic acid. I have been unable to detect any difference. Possibly this 
tension of carbon dioxide is below the dissociation tension of the carbamino-acid. 
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Nevertheless, according to Moore, McQueen and Webster (1919), 
serum between 10 and 80 mm. of mercury has three times as great a 
carbon dioxide capacity as a solution of bicarbonate of the same con- 
centration as that in the serum. And serum is said to give out or take 
up more carbon dioxide between 60 and 33 mm. tension than an equi- 
valent solution of bicarbonate does. Their results, however, do not 
show a very great difference. The bicarbonate may be taken to dissolve 
the same amount as water does; that is, 4-3 c.c. at 33 mm. and 7-9 at 
60 mm., a difference of 3-6 c.c. Serum is stated to have a corresponding 
difference of 5-7 c. o. p.c. leaving 2-1 c.c. in its favour. This is a very 
small part of that given out or taken up by whole blood between these 
values of carbon dioxide tension. According to the curve of Christian- 
sen, Douglas and Haldane (1914), the corresponding value for whole 
blood would be about 20 c.c. The fact confirms the view taken by Bohr 
(1887) and by Buckmaster (1917) that carbon dioxide is carried by 
hemoglobin, It is possible that the small amount carried by serum in 
excess of that by sodium bicarbonate may be due to the formation of 
carbamino-protein, acting as a stronger acid than carbonic acid and 
driving out part of the carbon dioxide from the bicarbonate. But it 
is difficult to see how such a compound is afterwards decomposed in 
the lungs with formation of bicarbonate again and we shall see reason 
later for doubting the formation of carbamino-protein. Another 
possibility is that carbon dioxide is adsorbed by the colloidal proteins 
to a slight extent and this would be reversible. Findlay (1908), however, 
was unable to detect any influence of egg-white on the solubility of 
carbon dioxide in water; gelatin slightly increased it. 
have made an experiment of the kind referred to. Serum was dialysed against 0-03 
molar sodium bicarbonate solution, taking care that free carbon dioxide was always present. 
Samples of 10 c. c. of each solution were brought into equilibrium with 10-4 p.c. and with 
3-3 p.c. carbon dioxide atmospheres, and the total carbon dioxide driven out in a Van 
Slyke apparatus by addition of sulphuric acid. The values obtained were: 

Serum _ Bicarbonate 


10-4 p.c. (79 mm. ) 45, 4:8 
3-3 ae, (25 mm. He) 3-6 4-2 
Difference 0-9 06 


The original bicarbonate solution gave off, using the same method, 6-1 c. c. of carbon 
dioxide, so that some dilution had occurred in dialysis. 

The difference between bicarbonate and serum is quite unimportant. 
The smaller absolute amounts given off by serum suggest that the 
volume occupied by the dissolved protein plays a part in decreasing 
the volume of the bicarbonate solution available. The somewhat 
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greater relative amount taken up by the serum at the higher tension 
suggests adsorption, but the data are not of sufficient accuracy to warrant 
conclusions on this point. The only explanation that I can offer for 
the divergence of my results from those of Prof. Moore is that, if his 
serum had been exposed to the air and the amount of carbon dioxide 
then taken up by it estimated, it is probable that it contained sodium 
proteinate, which would take up considerably more carbon dioxide than 
if sodium bicarbonate alone were present in the serum. But, as already 
pointed out, the conditions for formation of sodium proteinate are not 
present in the blood during life. 

The result of the preceding experiment seems to exclude the serum 
proteins from acting as acids in competition with CO, for possession of 
sodium, according to the view put forward by Parsons (1919). Hæmo- 
globin cannot be used in such experiments, because it takes up CO, in 
absence of sodium salt. But the experiments showing this fact require 
repetition with solutions dialyzed in presence of CO,. Bohr’s (1887, 
p. 170) results were indeed obtained with recrystallized hemoglobin, 
free from alkali. 

A further experiment was made with the same serum after repeated 
dialysis against 0-9 p.c. sodium chloride. The serum and the last 
dialysate were saturated with carbon dioxide of 10-4 p.c. In the Van 
Slyke apparatus, the saline solution gave off 0-8c.c. while the serum 
gave off 0-9c.c. This result shows that no appreciable amount of carb- 
amino-protein was formed at this tension of carbon dioxide. 

Brief reference should be made to the results obtained by Hamburger 
(1894) when he exposed blood in vitro to excess of carbon dioxide. A large 
increase in the sodium bicarbonate present in the serum occurred. As 
might be expected, a similar result is to be obtained when a fixed acid 
is added to blood, so that a great part of the original bicarbonate is 
neutralised. The acid added merely drives off carbon dioxide, in fact. 


Two samples of 25 C. c. each of oxalated cat’s blood were taken. One of these was 
centrifuged at once. To the other, I e. e. of 0-3 normal HCl was added before centrifuging. 
The plasma from both was collected and to the first a volume of acid equal to that already 
in the second was added. They were thus similar except that in the second the acid had 
produced the Hamburger effect on the corpuscles before centrifuging. Neutral red was 
added to both and they were exposed to alveolar air. In the second the colour was orange- 
red; in the first, crimson, indicating a marked increase in the alkali of the second. 


It is clear that if this effect occurs in the body, it must play an 
important part in neutralising fixed acids, since an additional inflow 
of bicarbonate into the plasma would be provided. In some experi- 
ments which I made in conjunction with Prof. Cannon, we were unable 
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to obtain any significant increase in the bicarbonate reserve when cats 
were made to breathe excess of carbon dioxide without decreasing 
oxygen. In vitro, we obtained a marked increase, sometimes the bicar- 
bonate was apparently nearly doubled by the action of carbon dioxide. 
Although these experiments need repetition, some doubt is thrown on 
the actual occurrence of the Hamburger effect in vivo. Indeed, the 
effect in general is not satisfactorily explained. 

The. conclusion to be drawn from the experiments of the present 
paper is that the only function of the sodium bicarbonate of the blood is to 
regulate the hydrogen-ion concentration. Since the serum-proteins play 
no part in this nor, to any appreciable extent, in the transport of carbon 
dioxide, and other evidence shows that they do not serve as food for the 
tissues, their only function, in normal conditions, must be to give a 
colloidal osmotic pressure to the blood, so that it does not lose liquid 
to the tissues with excessive rapidity, and to contribute to some extent 
to the viscosity of the blood, which enables a high arterial pressure to 
be maintained, although the corpuscles play the chief part in this 

viscosity. When the blood vessels are injured, certain proteins serve. 
„to form a clot and they are apparently the source of the anti-bodies 
to bacterial toxins. 
The properties of bicarbonate solutions require consideration in 
respect to the addition of the salt to liquids used for perfusion. Ringer 
himself calls attention to the advantage of adding a small amount of 
bicarbonate in order to neutralise acid produced in the contractions of 
the frog’s heart. Moore and Whitley (1919) point out that if bicar- 
bonate in concentration equal to that in the blood is added to the per- 
fusion fluid used for the mammalian heart, the beats are diminished 
and may stop, especially if air or oxygen is passed through the solution. 
Although they are doubtless well aware of the reason for this, Moore 
and Whitley do not mention it. Since bicarbonate can only exist in 
the presence of free carbon dioxide, aeration of a solution rapidly con- 

verts it to carbonate, and, as we saw previously, the H-ion concentration 

may fall to 10 u. Mines (1913, p. 20) showed that the optimal H-ion 

concentration for the frog’s heart is 107. If therefore we desire to use 
a concentration of sodium bicarbonate as high as it is in the blood, the 
air or oxygen used for aeration must contain 4 p.c. of carbon dioxide 
in order to make it equivalent to alveolar air. For purposes of regulation 
of neutrality it might be of value to use the higher bicarbonate content. 
Moore and Whitley find that breathing through the perfusion fluid 
greatly reduces its toxic action. The presence of proteins is only of use 
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in order to decrease the cedema due to absence of a colloid possessing an 
adequate osmotic pressure; but gum acacia serves the same purpose. 


SuMMARY. 


Intravenous injection of acid in sufficient quantity to neutralise 
half the bicarbonate in the blood does not increase the hydrogen-ion 
concentration of the plasma. The chief mode of compensation is by 
increase in pulmonary ventilation and consequent decrease of the 


carbon dioxide in the blood. Renal excretion of acid, and ammonia ° 


production in the liver, do not appreciably come into play in short 
experiments. 

Injection of alkali is not so, readily neutralised. The chief agent in 
this case appears to, be excretion of alkaline urine. 

The proteins of the plasma play no perceptible part in the main- 
tenance of neutrality between the limits of hydrogen-ion concentration 
possible in the living organism, namely, below 10-* or above 10 
normal. 


No evidence was obtained that either sodium bicarbonate, serum- 


proteins or both together convey carbon dioxide from the tissues to 
the lungs. 

Thus the only function of the sodium bicarbonate in the blood is to 
regulate the hydrogen-ion concentration, while, under normal conditions, 
the only function of the proteins is to give a colloidal osmotic pressure 
and a moderate degree of viscosity to the plasma. 

A simple method of determining the hydrogen-ion concentration of 
blood by means of indicators is described. 
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EXPERIMENTS ON ACCLIMATISATION TO REDUCED 
ATMOSPHERIC PRESSURE. By J. S. HALDANE, M. D., 
F. R. G., A. M. KELLAS, Pn. D. ann E. L. KENNAWAY, D. M., 
D. So. 


Tux experiments of Paul Bert proved that the characteristic physio- 


logical effects of lowered atmospheric pressure, as met with at high 


altitudes, are due, not to lowering of the mechanical pressure of the air, 
but solely to lowering of its oxygen pressure and consequent insufficient 
oxygenation of the blood. There is now, however, abundant evidence 
that, within limits, acclimatisation to high altitudes takes place. The 
present experiments were undertaken, in connection with a projected 
expedition by one of us (A. M. K.) to the Himalayas, in order to throw 
further light on acclimatisation and discover to what extent it can be 
obtained by discontinuous and comparatively short exposures to pro- 
gressively lower atmospheric pressures. We wished also to gain further 
knowledge as to the possibility of reaching on foot the higher peaks of 
the Himalayas, and using a small supply of oxygen to facilitate the 
climbing work. 

The physiological factors concerned in acclimatisation up to moderate 
altitudes were investigated by the Anglo-American Pike’s Peak Ex- 
pedition (), and further experiments under similar conditions in a steel 
chamber have been made at Copenhagen by Hasselbalch and Lind- 
hard@). The factors hitherto discovered may be enumerated as follows: 
(a) Increased active secretion of oxygen inwards, by the epithelium of the 
lung alveoli. (ö) A modification in the composition of the blood, with 
the result that its hydrogen ion concentration remains normal with a 
diminished concentration of the free carbonic acid present in it. An 
increase in the volume of air breathed is thus necessitated, and in this 
way the partial pressure of oxygen in the air of the lung alveoli is raised 
beyond what it would otherwise be, and the want of oxygen corre- 
spondingly diminished. (c) Increase in the percentage of hsemoglobin in 
the blood, in consequence of which the partial pressure of oxygen in the 
blood of the systemic capillaries is prevented from falling as low as it 
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otherwise would. In our experiments we have paid attention to all of 
these factors, and at the same time endeavoured to obtain some further 
information as to the effects on unacclimatised persons of exposure for 
varying periods to definite reductions of atmospheric pressure. 

We are indebted for financial and other help to the Oxygen Uses Com- 
mittee of the Department for Scientific and Industrial Research. Through 
the courtesy of Messrs Siebe Gorman and Co. the preliminary experi- 
ments were made in the small steel chamber erected by the firm several 
years ago for the purpose of testing oxygen appliances for airmen. The 
acclimatisation experiments were carried out in the large steel chamber ) 
presented to the ‘Lister Institute by the late Dr Mond, in which there 
is ample room for apparatus, including a Martin bicycle ergometer. The 
ventilation of this chamber is provided for by a powerful pump capable 
of extracting about 100 cubic feet of air per minute. In connection with 
all the arrangements for the use of this chamber and apparatus attached 
to it we are very specially indebted to Professor C. J. Martin, Director 
of the Lister Institute. But for his constant and active cooperation the 
work would have been impossible. The analyses of urine were carried out 
by Dr Kennaway at the Bland-Sutton Institute of Pathology, Middle- 
sex Hospital. In the preliminary experiments we did not trouble about 
analyses of the alveolar air, as this subject had already been pretty fully 
investigated on unacclimatised persons by Boycott and Haldane (4) in 
the Lister Institute Chamber. Our aim in this series was to observe in 
several persons the symptoms and after-effects of rather low pressures, 
with exposures of an hour or more. 


Preliminary experiments. 

The first experiments were made in order to observe more definitely 
the effects of exposure for some time to a pressure of half an atmosphere. 
It is well known that unacclimatised persons in ordinary health can 
expose themselves to a pressure of half an atmosphere for a short time 
without marked symptoms during rest, and without unpleasant after- 
symptoms; but we wished to observe the effects of at least an hour’s 
exposure. Four persons made observations in pairs, as the chamber 
would only hold two comfortably. J. S. H. and A. M. K. were the first 
two observers, the second two being Captains H. W. Davis, R.A.M.C. 
and J. B. S. Haldane. A pressure of 380 mm. (corresponding to about 
19,000 feet above sea level) was reached in about 5 minutes, and the 
pressure then kept steady by means of atap. The effects observed varied 
somewhat in the different persons, and may be summarised as follows: 
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Respiration. In J. 8. H. and J. B. S. H. there was at first a very 
noticeable increase in the depth and frequency of the respiration. After 
a few minutes, however, this became much less, and there was no sub- 
jectively appreciable increase of breathing in J. S. H. or variation from 
the normal rate. In J. B. S. H., however, the rate remained abnormally 
high—about 26. In A. M. K. and H. W. D. hardly any abnormality of 
respiration was observed. In J. S. H. the breathing became periodic 
readily for a time after it had been held or forced, but not in A. M. K. 

Pulse. In all the observers the pulse-rate was markedly increased at 
first (in J. S. H. to 120 and H. W. D. to 118), but diminished later, 
though not quite to normal. 

Cyanosis. In every case there was noticeable blueness of the lips, etc 
but the degree of blueness varied considerably. It was most marked in 


A. M. K. and H. W. D., and only very slight in J. S. H. and J. B. S. H. 


The cyanosis did not diminish as time passed. On taking two or three 
breaths from a bag of oxygen the lips, eto, became at once bright red in 
all of us. 

Mental and sensory symptoms. No impairment of mental functions 
was noticed, but on taking two or three breaths of oxygen the light 
suddenly became brighter to all of us, and sounds louder. On raising the 
pressure rapidly the same brightening of light was observed. 

Capacity for muscular work. Moderate work with a hand ergometer 
was quite easy, but produced more hyperpneea than usual. On pressing 
the work to about 3500 foot-pounds per minute there was great hyper- 
pncea, increased blueness of the face, very rapid pulse, and feeling of 
confusion and inability to continue. 

On the whole, the subjective symptoms diminished with stay in the 


chamber, and after an hour there was practically no discomfort. 


After coming out none of us had any unpleasant symptoms or loss of 
appetite. There was no trace of mountain sickness, though a much 
longer stay would certainly have produced this. 

In the second series of preliminary experiments, about ten days later, 
it was our intention to remain for an hour at about the lowest pressure 
possible without very serious.impairment of our faculties for observation. 
This limit was, however, involuntarily overstepped, in the case, at least, 
of three of us, and the notes were consequently imperfect. The observers 
were the same as in the previous experiments, except that Mr C. D. 
Maitland, of St Thomas’ Hospital, took the place of Captain Davis. 

A. M. K. and J. S. H. went first into the chamber, and the pressure 
was rapidly reduced to 445 mm. (about 15,000 feet) and kept there for a 
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short time 2 observation. It was noticed that in J. S. H. there was at 


first distinct hyperpnœa with increase in frequency of breathing from 


about 16 to 24, and in pulse from 85 to 112. In A. M. K. the increases 
were much less. In a few minutes these increases had practically dis- 


appeared. In J. S. H. the lips were very slightly bluish; but the blueness 
was more evident in A. M. K. The pressure was then reduced rapidly 


to 360 mm. (about 21,000 feet). This brought back the hyperpnœa in 


J. S. H., with respirations at 28 and a distinct feeling of “abnormality,” 
but only slight blueness. A. M. K. was much bluer, but felt quite well. 
Shortly afterwards the pulse was 102 in both J. S. H. and A. M. K. The 


pressure was then gradually reduced to 340mm. J. S. H. felt “rather 


wobbly,” but was still only slightly blue, and felt better after a few 
minutes, the hyperpnœa diminishing. Handwriting rather shaky. 
A. M. K. very blue, but felt quite fit. The pressure was then reduced to 
320 mm. (24,500 feet). This increased temporarily the hyperpnœa in 
J. S. H., whose lips were now of a rather dull colour, with pulse 112 and 
respirations 27. He also had great difficulty in making observations or 
even counting his pulse, and especially in calculating the pulse from a 
20 seconds observation, or remembering at what point on the seconds 
hand the observation had begun. Writing was also very shaky. In a few 
minutes he thought he felt better, but a further note 10 minutes later 
was “very wobbly” in scarcely legible writing. He then handed the 
note-book to A. M. K., who was extremely blue, but felt all right and 
could still write quite normally, with a pulse at 102. J. S. H. remained 
sitting in one position, with his head rather low, but continued to answer 
all questions, so that A. M. K. considered him quite sensible, and men- 


tally alert. Ten minutes later the pressure fell to 300 mm., and for a 


minute or two to 295 mm. (26,500 feet), but J. S. H. asked A. M. K. to 
keep the pressure steady at 320 mm. Meanwhile A. M. K. continued to 
feel fit, and at various times he noted his pulse as 90 to 93. He could quite 
easily stand up to regulate the inlet tap or read the barometer. To all 
his questions about changing the pressure J. S. H. replied with apparent 
deliberation “keep-it at 320.” Persons outside were somewhat impatient 
and anxious, and put up messages on the window, but A. M. K. only 
smiled, and referred to J. S. H., who invariably gave the old answer. 
After 1} hours at or below 320 mm. A. M. K. noted that J. S. H. was 
“still determined.“ Shortly afterwards, however, J. S. H. consented to 
an increase of pressure to 350 mm. He then began to regain his faculties, 
and took up a mirror to look at his lips, though some little time elapsed 
before he realised that he was looking at the back, and not the front, of 
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the mirror. He became, also, partly aware of the lapse of time, and 
consented to coming down. At about 450 mm. he woke up more com- 
pletely and noticed a returning sensation of the existence of his legs. 
He had no recollection of the long stay at 320 mm., or of anything else 
after he handed the note-book to A. M. K., but seems to have been 
conscious and under the influence of a fixed idea that it was necessary 
to stay at a pressure of 320mm. On coming out of the chamber he was 
somewhat unsteady in gait for a short time and inclined to be unreason- 
able. A. M. K. was much less affected. He could remember everything, 
and his handwriting remained quite steady, although his face was ex- 
tremely blue and presented an alarming appearance to persons who saw 
him through the window. 

The experiment was then repeated with the two other subjects, but 
with instructions not to go beyond 330 mm. This pressure was reached 
in about 10 minutes, but the subsequent notes are rather confused and 
the handwriting of both observers very bad and hardly legible. There 
was great difficulty in counting the pulse or respirations, and figures 
given are queried, though both pulse and respiration rates were appar- 
ently much increased. At first the respirations noted were 88 (7) for 
J. B. S. H. and 28 for C. D. M., with pulse 136 for J. B. S. H., while that 
of C. D. M. could not be counted. J. B. S. H. seems to have been bluer 
than C. D. M. After about half-an-hour one note is like last stages of 
drunk. J. B. S. H. respirations 45. Pulse can't take.“ On observation 
from without it appeared that neither observer could stand properly, 
and both looked very blue and shaky. The emergency tap was therefore 
opened so as to raise the pressure. There is a corresponding indignant 
and just legible note “some bastard has turned tap,” after which the 
notes become quite legible again as the pressure rose. 

All four observers suffered somewhat from headache for several hours 
after these experiments, but there was no nausea or loss of appetite. The 
analyses of urine will be referred to later. 


Acclimatisation experiments. 

About a fortnight later the acclimatisation experiments were begun 
at the Lister Institute. Each morning the alveolar CO,-pressure was 
determined in the two subjects (J. S. H. and A. M. K.) before they 
entered the chamber. The figures given, whether for observations inside 
or outside the chamber, are always the average of two samples one 
taken at the end of inspiration, and the other at the end of expiration. 
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The hemoglobin percentages by the ordinary Haldane scale were also 
taken each morning. 4 

First day. Alveolar CO, pressure before entering, J. S. H. 40-7 mm., 
A. M. K. 34-6. Hemoglobin, J. S. H. 93 p. c., A. M. K. 101 p. e. Decom- 
pression started at 11.40. Pressure at once lowered to 525 mm. (10,200 
feet), and gradually lowered further during the next 8 hours to 500 mm. 
(11,600 feet). At several times the air in the chamber was analysed, and 
found to contain only about -04 p.c. of CO,. The ventilation was thus 
more than ample. The alveolar CO, pressures of J. S. H. in millimetres 
were 36-0 at 12.5, 36-8 at 1.10, 35-7 at 2.35, 35-3 at 4.5, 35-7 at 6.10, 
34-0 at 6.50, and 34-9 at 7.25. His pulse, which averages 85 at normal 
pressure, was 72 at 12.40 and 74 at 1.0, but afterwards about 84. Re- 
spirations 13 to 15, the latter being about the ordinary frequency in the 
sitting position. Moderate work on the ergometer (about 3300 foot- 
pounds) could be kept up continuously quite easily, but seemed to cause 
a little more panting than usual. He felt quite normal throughout, and 
had no headache or nausea afterwards. 

- Alveolar CO pressures of A. M. K. were 31-0 at 3.5, 29-9 at 4.5, and 
32-2 at 7.30. Pulse and respiration were normal, and moderate work on 
the ergometer seemed about as easy as usual. No after-effects of any sort. 

Second day. Alveolar CO, before entering, 39-5 in J. S. H., and 33-4 


in A. M. K. Hb. = 107 p.e. in A. M. K. and 100 p.c. in J. S. H. Decom- 


pression at 11.30. Pressure lowered at once to 450 mm. (14, 600 feet), and 
gradually reduced during next 8 hours to 430 mm. (16, 000 feet). Alveolar 
CO,-pressure in J. S. H. 32-9 at 12.10, 30-5 at 1.0, 31-2 at 3.0, 31-3 at 
3.40, 30-4 at 5.45, 30-9 at 7. Alveolat oxygen pressure 41-9 mm. at 5.45. 
At 11.50 lips seemed slightly bluish, but on repeated subsequent examina- 
tions up till decompression no blueness was visible. The respiration fre- 
quency was normal throughout, at any rate after the first few minutes. 
Pulse averaged about 94, but rapidly came back to the normal of 84 
when the pressure was raised. Could only hold a deep breath for about 
30 seconds. Could keep up work of 3300 foot-pounds on ergometer, but 
with so much panting that harder work would have been difficult. Felt 
quite well throughout, and no nausea, depression, or loss of appetite 
afterwards, but a very slight tendency to headache {ur an hour or two. 
' Alveolar CO, pressure in A. M. K., 30-0 at 12.20, 28-2 at 6.5, 25-9 at 
7.10. Slight blueness of lips throughout. Pulse about 80 to 90 through- 
out, but only 68 ten minutes after pressure restored to normal. Respira- 
tions about.19 or 20. Could keep up 3300 foot-pounds on ergometer 
quite easily, and 6000 foot-pounds without much difficulty. No tendency 
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to periodic breathing after forced respirations, though in J. S. H. this 
tendency was marked. Felt normal throughout, and no after-effects. 

Third day. Alveolar CO, pressure before entering, 37-9 in J. 8. H., 
and 318 in A. M. K. Hb. = 109-5 in A. M. K. and 101 in J. S. H. As 
an unacelimatised control subject, J. B. S. H. also entered the chamber. 
The pressure was lowered to 380 mm. at 11.50, and about half - an- hour 
later to 360 mm. (21,000 feet), and kept at this. Alveolar CO pressure 
in J. S. H. 26-3 at 12.0, 23-9 at 1.30. Alveolar oxygen-pressure 33-4 mm. 
at 1.30. Pulse remained about 100 and respirations 15. Very. slightly 
blue and not quite so quick as usual in doing gas analyses. J. B. S. H. 
was slightly blue and felt a little abnormal at 12.5. Respirations 51 and 
pulse 91. At 12.20 face bluer, hands tingling and light seemed less bright. 
Very sleepy, and fullness in head. 12.55, looks blue and seems stupid. 
Respirations 38. 2.5 looks more blue and shaky. Sitting with head down 
and very quiet. 2.20 looks very blue and seems stupid. In A. M. K. 
alveolar CO,-pressure 25-7 at 12.40, 23-8 at 1.35. Pulse 84 at 12.15, and 
afterwards remained at 88. Respirations 23 at 12.15, and afterwards 24 
to 25. Lips distinctly blue throughout. About 1.0 a little drowsy, and 
light-intensity seemed diminished. 

At 2.35 the pressure was raised to normal to let J. B. S. H. out. On 
raising the pressure he felt tingling all over and rather acute aching of 
the head and eyes. Some unsteadiness and difficulty of speech on coming 
out.’ Could remember hardly anything of the last hour in the chamber. 
Before that he remembered having a strong inclination to sing. The 
headache lasted for some time, but there was no nausea. A. M. K. and 
J. S. H. noticed hardly any symptoms when the pressure was raised; but 
unfortunately both gas analysis apparatus were disabled owing to potash 
or pyrogallic acid being driven over, and this caused considerable delay. 
About 4.30 p.m. the alveolar CO,-pressure was taken before lowering 
the pressure again, and was found to have risen to 30-4 in A. M. K. and 
37-6 in J. 8. H. 

At 5 the pressure was lowered straight to 360 mm. and then kept at 
this. Alveolar CO, pressure of J. S. H. 26-7 at 5.15, and 23-3 at 6.45; 
alveolar oxygen pressure 31-6 at 5.15 and 34-1 at 6.45. Pulse remained 
at 96 to 100 and respiration rate about normal. Till about 6 felt a little 
abnormal, and lips a little dull in colour. -After tea about 6, lips of normal 
colour, and feeling better. Out at 7.35. Felt distinctly shaky on coming 
out. Also got some headache, which lasted more or less till after dinner. 
No loss of appetite. In A. M. K. alveolar CO,-pressure 27-1 at 5.40 and 
23-8 at 6.45. Pulse 82 to 89 and respiration about 22. Light seems only 
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slightly less bright than usual. Work of 3300 foot-pounds a minute on 
ergometer could easily be 1 * o abnormal symptoms noticed 
after coming out. 

Fourth day. Alveolar CO, pressure before entering, 39-2 in J. S. H., 
and 34-0 in A. M. K. Hemoglobin 97-5 ip A. M. K. and 87 in J. S. H. 
Decompression at 1.10 to 360 mm. J. 8. 1 felt the effects distinctly at 
first. Lips slightly bluish, and got distinctly redder with oxygen. Felt 
better after a few minutes. Pulse 84 (normal) and respirations 15. At 
2.0 pressure reduced to 312 mm. (25,000 feet), and kept at about this. 
J. S. H. again affected, but felt better later. Pulse 96, respirations 20. 
Lips only slightly blue. At 2.50 alveolar CO, 19-8 and alveolar oxygen 
30-1 mm. At 3.30 he got on ergometer and did 3300 foot-pounds a 
minute for 4 minutes, but could not continue, as he was exhausted and 
vision was becoming blurred. He also became quite blue. Oxygen was 
then added to his inspired air through the latest form of Haldane mask 
as supplied to the Army for oxygen administration. One litre a minute 
(measured at normal pressure) was turned on shortly after the work was 
stopped. The effect was very striking. The light seemed to increase and 
there was a short apnea. At the same time the lips and face became 
bright red. It now became quite easy to do the work, which was accord- 


ingly increased to 5000 foot-pounds. After 1} minutes of this, however, 


the panting was so great as to be exhausting, though vision remained 
clear and there seemed to be no evident lack of oxygen. Calculating from 
the oxygen delivery and the probable volume of air breathed, the 
alveolar oxygen pressure would be raised to about 45 mm., and this 
appeared to be sufficient to make pretty hard work possible. Came out 
about 4 p.m., as it was necessary to catch a train. Only trifling after- 
symptoms. In A. M. K. the subjective symptoms of oxygen want were 
very definitely less than in J. S. H., but blueness of the lips and face 
were much more evident. Even at 360 mm. the lips were distinctly blue, 
and changed to red on breathing oxygen. The pulse was then 76 and 
respirations 24. At 312 mm. the cyanosis was marked, and the pulse 
had risen to 95 and respirations to 27, but there was no shakiness or 
apparent loss of coordination or mental power, though the light seemed 
less bright. The alveolar CO,-pressure was 20-5 mm. There were no 


after-symptoms. 
Observations on the urine. 
As an important factor in acclimatisation is a diminution in the 
alkaline salts (“alkaline reserve”) of thé blood, the urine, except in the 
first of the preliminary experiments, was analysed with the view of 
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seeing whether retention of acid and inhibition of ammonia-formation 
occurred during the stays in the chamber. 

The connection between acclimatisation to high altitudes and the 
regulatory functions of the kidneys and liver in maintaining the exact 
degree of slight alkalinity which prevails within the body was pointed 
out in the report of the Pike’s Peak Expedition (p. 302), but no analyses 
of the urine were carried out. Hasselbalch and Lindhard have, how- 
ever, in the papers already referred to, shown that at reduced atmospheric 
pressures there is a very distinct diminution in the excretion of ammonia 
and the ratio of ammonia nitrogen to total nitrogen in the urine. They 
also made a number of determinations of the hydrogen ion concentration 
of the urine. We have not repeated the latter, as we wished to have a 
more definite measure of the excretion of acid and, as L. J. Henderson ua) 
has pointed out, titration of the urine is necessary for this purpose, since 
the urine, like the blood, contains “ buffer substances,” and these prevent 
the hydrogen ion concentration from affording a definite measure of the 
acid excreted. 

Our first observations were made on samples collected during and 
before the second pair of preliminary experiments. Owing to the short 
periods of exposure and rather unsatisfactory control samples, these 
observations need not be quoted in detail; but they pointed clearly to 
the conclusion that both the excretion of acid and the ammonia-nitrogen 
ratios were much diminished during the short exposure to reduced 
pressure. 

The urine was collected in sterilised bottles containing chloroform, 
and the titrations were carried out as soon as possible. Duplicate 
estimations were made (1) of titratable acidity and ammonia by the 
method of Folin (titration to phenolphthalein before and after addition 
of formalin), (2) of total nitrogen (Kjeldahl). Table I shows the results 
obtained during the period covered by the acclimatisation experiments. 
Each day’s urine was collected in two portions, (1) during the period, 
usually 8 hours, spent in the air-chamber, and (2) during the remainder 
of the 24 hours. For the sake of brevity this latter time will be spoken 
of as a “night period,” although it includes a part of the day. 

It is at once evident from Table I that the titratable acid of the urine 
at reduced pressure was from one-half to one-third of what it was during 
the rest of the day; but since the comparison of night urines with day 


urines is of course unsatisfactory for the present purpose, a further series 


of controls was made after the conclusion of the experiments when the 


subjects were carrying on their usual occupations (Table II). The urines 
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were collected over similar “night” and day periods, and the meals were 
made as far as was practicable the same in time and character as those 
taken during the experiments. The results of these observations (in all 
26 controls and 8 experiments) are summarised in Table III. The 
following points are evident: 

1, Titratable acid. In J. S. H. the hourly rate of secrétion is reduced 
to one-half (from 18 to 9 c. o. 0-1 N acid per hour). If the first experiment 
(April 23rd), in which there was only a slight reduction of pressure, and 
J. S. H. reacted but slightly, be excluded from the average, the reduction 
is to one-third. In A. M. K. the acid falls toless than one-third (from 13 
to 4.c.c. 01 N per hour)!. 

2. Ammonia. The hourly rate is lowered in J. S. H. to about two- 
thirds (from 16 to 10 c. e. 0-1 N), and in A. M. K. to nearly one-half (from 
19 to 11 c. e.). Thus A. M. K. reacts to reduced pressure more than does 
J. S. H. as regards both acid and ammonia. 

3. Ratio of ammonia to acid. This rises, as is shown by the figures 
under “ NH, per cent. of acid + NH,” in Tables. This change would in 
any case be expected in experiments of short duration, since the kidney 
can alter the acidity of the urine immediately, whereas the normal 
ammonia content of the blood and tissue-fluids must first be lowered by 
excretion before the full lessened production of the base will be apparent 
in the urine. 

4. Ammonia-nitrogen per cent. of total nitrogen. This percentage falls, 
and it is evident from the figures given that this is not due to an increase 
in the total nitrogen. In A. M. K. the mean hourly rate of total nitrogen 
is practically the same at normal and at reduced pressure (489 mg. and 
479 mg.). In this respect, therefore, our experiments confirm completely 
those of Hasselbalch and Lindhard. It may be noted also that so 
far as can be judged from their determinations of hydrogen ion concen- 
tration in the earlier stages of their long experiment, our results as re- 
gards acid excretion are in accord with theirs. 

These results provide an illustration of the buffer-capacity of the 
blood which is of some interest. In A. M. K., the excretion of acid was 
reduced by, in round numbers, 9 C. c. 0-1 N per hour for 8 hours, giving 
a total of 72 c.c. 0-1 N. One may add to this the diminution in ammonia, 
namely 8 c.c. 0-1 N per hour for the same time, giving a total of 72 + 64 
= 136 C. c. 0-1 N. This might seem at first sight a somewhat formidable 


1 In the second preliminary experiment mentioned above, the hourly excretion of acid 
was reduced in A. M. K. to the very low figure of 2-9c.c., as against 17-7 o. o. of O- N 
during the preceding period. 
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amount; it is one-sixth of the acid + ammonia produced normally by 
A. M. K. in a day (about 800 C. c.). But it is very small in comparison 
with the total “alkaline reserve” or “buffer-capacity” of the body. 


Discusstox OF THE RESULTS. 


Symptoms observed at low pressures. The symptoms dbserved were in 
general such as have already been described in connection with high 
balloon ascents and the experiments of Paul Bert and others in steel 
chambers; but various special points emerge more definitely than before. 

In the first place it appears that in no case were the ‘durations of 
exposure to the low pressures sufficient to produce in the subjects ob- 
served the ordinary symptoms (nausea, vomiting, diarrhoea, and extreme 
depression) of mountain sickness. Only a certain degree of headache was 
observed after the more severe exposures. In J. S. H. mountain sickness 
was produced after the first eight hours on Pike’s Peak (14,100 feet), and 
has often been caused by exposure of several hours to sufficient carbon 
monoxide to produce symptoms of want of oxygen; but in all these cases 
the exposure was either more prolonged, or more severe, than in the 
present experiments. On the other hand it seems certain that in some 
individuals mountain sickness is produced more easily than in any of the 
subjects of the present experiments. For instance, in the experiments, 
already referred to, of Boycott and Haldane, the former suffered from 
severe and prolonged mountain sickness after an exposure of about an 
hour (along with J. S. H., who remained immune) to a pressure of 
356 mm. in the chamber. 

The general symptoms of anoxemia were very characteristic, and 
exemplify clearly certain of the special dangers associated with CO- 
poisoning or high balloon or aeroplane ascents. Thus in the second pre- 
liminary experiment J. S. H. became the subject of a fixed idea that it 
was necessary to remain at 320 mm. Similarly, balloonists usually be- 
come possessed at very high altitudes of the fixed idea of going higher, 
or miners when suffering from carbon monoxide poisoning cannot be 
diverted from rescue operations, exploring, or fire-fighting work, and 
often violently resist anyone who tiies to make them desist. These fixed 

ideas often take very strange forms. The tendency to singing (observed 
in J. B. S. H.) and to various forms of uncontrolled emotion is often 
observed in CO-poisoning. 

Loss of the power of memory was also prominent in the 5 
There appeared to be no real loss of consciousness; but the mental 
registration of events was quite ineffective, so that a blank remained. 
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In connection with the anoxemia caused by lung-irritant gases used in 
warfare the same loss of memory was often observed, sufferings which 
at the time were only too evident, being just as completely forgotten 
afterwards as were conversations and other definitely perceived events. 

A further point which appeared quite definitely was that the svmp- 
toms of anoxemia did not coincide in the different subjects with the 
degree of blueness of the face. The contrast in this respect between 
A. M. K. and J. S. H. was very marked. The former was always much 
bluer than the latter, but was otherwise much less affected, and rétained 
his faculties when the latter was helpless. It may be noted in this con- 
nection that A. M. K. is one of the class of persons who do not become 
apneic on forced breathing, and in whom periodic breathing cannot 
easily be produced. 

Increased frequency of breathing was a far more prominent symptom 
in J. B. S. H. than in any of the other subjects. In nearly all of them, 
however, increased depth and frequency of breathing and increased 
frequency of pulse were very evident at first, but became less marked 
within a few minutes, except perhaps at very low pressures. This falling 
off in breathing was doubtless related to washing out of preformed CO, 
from the blood by the increased breathing. It seems probable that the 
diminution in pulse-rate was due to a similar cause, or perhaps to a 
gradual coming into play of active secretion of oxygen inwards by the 
lung epithelium: The lasting increase of frequency was out of normal 
proportion to the comparatively slight increase of alveolar ventilation, 
and must be regarded as a sign of partial failure or fatigue of the re- 
spiratory centre in consequence of the anoxemia (5). 

Where the reduction of pressure was moderate, as in the first pre- 
liminary experiment, the symptoms of anoxemia seemed to diminish 
distinctly with time during the period of observation. This was doubtless 
due to acclimatisation factors (increased oxygen secretion and diminished 
alkaline reserve of the blood) coming into play. But with a greater 
diminution of pressure the symptoms increased with time, as in the 
second preliminary experiment, or in the case of J. B. S. H. in the third 
acclimatisation experiment. The inevitable ill effects of continued serious 
anoxemia were evidently making themselves felt in spite of attempts at 
adaptation, and probably the respiratory centre and heart were gradually 
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Other things being equal the alveolar oxygen pressure at a barometric 
pressure of 380 mm. would be the same as if air were breathed at ordinary 
atmospheric pressure and contained only 9-8 p. e. of oxygen. Nevertheless 
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the effects of a pressure of 380 mm. on J. 8. H. seemed definitely less than 
those produced by breathing from a bag air containing 9-8 p. c. of oxygen 
at ordinary pressure. The results of various experiments on J. S. H. with 
air of about this composition are given by Haldane and Poulton 
and a special experiment in which exactly,9-8 p. o. of oxygen was breathed 
with a maximum of resistance had a similar result, twitching of the limbs 
becoming very marked. The difference in favour of the air at low pres- 
sures may possibly depend to some extent on the slight resistance when 
air is breathed from a bag, but is probably mainly due to the fact that at 
low pressures the diffusion of oxygen molecules within and into the lung 
alveoli is much more free at the low pressure. The reason why diffusion 
of oxygen is so slow in air in comparison with the enormous velocities 
at which the individual molecules are moving is that the mean free path 
of the oxygen molecules is so small. Thus the oxygen molecules cannot 
reach the alveolar epithelium freely because in their passage towards it 
they are so frequently deflected by collisions with molecules of nitrogen, 
CO,, and H,O, When the atmospheric pressure is reduced the concen- 
tration of nitrogen molecules is correspondingly reduced. Hence with a 
given concentration, or partial pressure, of oxygen, diffusion is much 
more free, and the oxygen reaches the alveolar epithelium more rapidly. 
In so far, therefore, as defective saturation of the blood with oxygen is 
due simply to the slow rate at which oxygen reaches the alveolar epi- 
thelium, a given alveolar oxygen pressure will be more effective in 
saturating the blood when the barometric pressure is greatly lowered 
than when it is normal. This physiological advantage at low barometric 
pressures must be taken into account in considering the effects of low 
barometric pressures and the possibilities of acclimatisation through 
increase in the secretory activity of the alveolar epithelium. 

It is evident that a striking degree of acclimatisation was actually 
obtained, as on the fourth day J. S. H. could easily carry on with gas 
analyses, etc., and even work on the ergometer, whereas in the second 
preliminary experiment he was quite helpless at the same pressure. On 
the fourth acclimatisation day the symptoms at 360 mm. seemed also 
to be less than on the third day. Nevertheless the acclimatisation was 
a failure in certain very important respects, for not only did the hemo- 
globin percentage fail to rise (since in both subjects it was lower on the 
fourth than the first day), but there was no lasting lowering of the 
alveolar CO, pressure, which was almost as high on the morning of the 
fourth day as on that of the first day, When acclimatisation is produced 
in the ordinary way by a lasting exposure to low atmospheric pressure, 
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not only does the hemoglobin percentage rise, but there is a lowering of 
the alveolar CO,-pressure (and consequent increase in the breathing), 
most of which lasts for long after a return to ordinary pressure. This was 
first fully brought out in an experiment in which Dr Ogier Ward re- 
mained 24 hours in the chamber ((4), p. 367) and in experiments by him 
in an expedition to Monte Rosa (7), and was confirmed by the Pike’s Peak 
expedition and subsequent observations. 

Want of oxygen causes, of course, an immediate increase in the 
breathing, and consequent fall in alveolar CO, pressure and rise in 
alveolar oxygen pressure. As, however, Haldane and Poulton pointed 
out (6), the alveolar CO,-pressure still regulates the breathing, though in 
consequence of the anoxemia a lower CO,-pressure now suffices to excite 
the centre. After a few minutes, during which there is a considerable 
washing out of preformed CO, from the blood, and corresponding great 
increase of the breathing, the breathing settles down to correspond with 
the lowered threshold of alveolar CO, pressure. But the lowered thres- 
hold, and doubtless also the higher pulse-rate, depend on the stimulus of 
a very serious want of oxygen. This want of oxygen is partly due to 
imperfect saturation with oxygen of the blood leaving the lungs, but 
partly also to the fact that the CO,-pressure in the systemic capillaries 
is lowered in consequence of the increased breathing. As a result of this, 
as was shown by Bohr and his pupils, the dissociation curve of the oxy- 
hemoglobin is altered, so that oxygen is given off less readily by the red 
corpuscles. There may in this way be considerable anoxeemia, although 
the colour of the blood as shown in the lips is almost normal. Where, as 
in A. M. K., the lips are blue without very marked other symptoms of 
anoxemia, it seems probable that owing to vaso-constrictor or other 
control of the circulation the fall of CO,-pressure in the systemic capil- 
laries is to a large extent avoided, so that oxygen is given off more easily 
from blood which has a bluish colour than from blood which is much 
less blue but with a lower CO,-pressure. In this way it is possible to 
account for the fact that in different individuals the symptoms of 
anoxemia are not necessarily proportional to the degree of blueness of 
the blood; also that apnoea is much less readily produced in some persons 
than in others. 

In fully acclimatised persons the dissociation curve of the oxyhæmo- 
globin when in presence of the existing alveolar CO,-pressure remains 
normal, in spite of the lowered CO,-pressure, as was first shown by 
Barcroft in the Teneriffe expedition t). He has also shown that it is 
in virtue of its acid properties that carbonic acid affects the dissogiation 
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curve of oxyhemoglobin. In acclimatised persons part of the normal 
effect of carbonic acid in raising the hydrogen ion concentration of the 
blood is produced by other acids retained in the blood, or rendered 
superfluous by withdrawal of alkali. The hydrogen ion concentration of 
the blood then appears by the existing methods of measurement to be 
the same as at normal barometric pressure, although, as will be shown 
below, it is not exactly the same. 

The results of the urine analysis indicate that during the exposure to 
lowered pressures the kidneys were retaining within the body more acid, 
or excreting more alkali. This would tend to reduce the available alkali 
in the body. Since the excretion of ammonia salts was diminished, it is 
also clear that a smaller proportion of NH, was being formed within the 
body, and this would act in the same direction. The progressive fall in 
alveolar CO, pressure, and coincident amelioration of symptoms and fall 


in pulse-rate, as shown in some of the experiments, indicate also that the 


available alkali in the blood was diminishing, so that the increased 
breathing could be maintained without such excessive stimulus from 
want of oxygen. The process had, however, to be started almost afresh 
each day, as since the previous day the blood had almost returned again 
to its normal alkalinity. This was shown by the alveolar CO,-pressure 
observed before entering the chamber each morning. 

It is difficult to attribute the progressive acclimatisation actually 
observed on successive days to much else than an increasing power of 
secreting oxygen inwards in response to the stimulus of oxygen want. 
For the direct experimental evidence in favour of secretion wé may refer 
to the paper by Douglas and Haldane(9), and to the report of the 
Pike’s Peak expedition. As, however, our object in the present investi- 
gation was not specially to investigate oxygen secretion, but acclimatisa- 
tion as a whole, we do not propose to discuss oxygen secretion further at 
present. It is of course possible that the power of rapidly reducing the 
alkaline reserve of the blood may have been increased by the repeated 
exposures to low pressures, The urine analyses do not show this, but the 
changes in acid secretion by the kidneys may not be a direct measure of 
the changes in the alkaline reserve of the blood. 

The present experiments show that while a considerable degree of 
acclimatisation can be obtained by repeated intermittent exposures of a 
few hours’ duration to low atmospheric pressures, the acclimatisation is 
much less complete than that obtained by gradually increasing but con- 
tinuous exposure, as, for instance, always occurs in ascending to great 
heights in the Himalayas. In the experience of one of us (A. M. K.) 
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ordinary mountain sickness has never been experienced, either in him- 
self, or among the native carriers accompanying him, at heights up to 
23,180 feet in the Himalayas. This is an extraordinary contrast to 
common experiences in the Andes, or at such places as Pike’s Peak 
(14,100 feet). Thus nearly everyone who came for more than a few hours 
to Pike’s Peak was more or less mountain sick after a short time. It is 
of course true that persons in good physical training become mountain 
sick less easily than others. This is, however, attributable to the fact 
that their powers of actively secreting oxygen inwards have been in- 
creased by use during muscular exertion. The ordinary function of 
oxygen secretion by the lungs is to supplement diffusion during the 
enormously increased oxygen intake of muscular exertion’; and the in- 
creased powers of oxygen secretion in a man in good physical training 
will of course be utilised at low atmospheric pressures. His acclimatisa- 
tion is, however, still as imperfect as that which we attained during the 
present experiments. 

On account of the imperfection in the type of acclimatisation obtained 
in these experiments, they do not answer the question as to what height 
it is possible by means of maximum acclimatisation, and without oxygen 
apparatus, to live at without mountain sickness, or other disabling con- 
sequences. As yet there is no definite reason for assuming that owing, 
merely, to the rarity of the air, the highest peaks in the Himalayas could 
not be reached by persons breathing ordinary air, although unacclima- 
tised persons die of asphyxia at such altitudes, as was shown clearly by 
the deaths of the balloonists Sivel and Crocé-Spinelli at a maximum 
diminution of pressure to 263 mm. (30,000 feet). 

The observations made during work at a pressure corresponding to 
25,000 feet showed clearly that with the apparatus used the addition of 
as little as 1 litre of oxygen a minute was an enormous help in doing work. 
The light cylinder fitted up for the trial under the direction of the R.A.F. 
Technical Department would give this supply for six hours, and could 
be carried quite easily for use during the harder climbing work. 

We may now attempt to interpret the changes in renal excretion 
during acclimatisation to low atmospheric pressure, in view of the fresh 
light thrown on the subject by the present experiments and others 
published since the report of the Pike’s Peak expedition. The subject, it 
may be remarked, has now a very wide importance in practical medicine 
in view of war experiences of anoxemia in gas-poisoning and other cases, 
and the recent demonstration by Haldane, Meakins and Priestley 
that anoxewmia is easily produced by defects in the nervous regulation of 
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breathing or by oommonly occurring hindrances to even expansion of the 
lungs (0). 

When the partial pressure of oxygen in the inspired air is diminished, 
there is, of course, other things being equal, a corresponding diminution 
in the partial pressure of oxygen in the alveolar air. If this latter diminu- 
tion were only moderate, and we looked only to its average amount as 
shown by analyses of the mixed alveolar air, we should conclude from 
the dissociation curve of the oxyhemoglobin in blood that there would 
only be an almost inappreciable diminution in the saturation of the 
arterial blood with oxygen, and that there would be no need for appreci- 
able adaptive changes. As a matter of fact, however, the experiments 
of Miss FitzGeraldqi) have shown that even a very small change in- 
partial pressure evokes very appreciable adaptive responses in both the 
amount of air breathed and the percentage of hemoglobin in the blood. 
The experiments of Haldane, Meakins and Priestley have furnished 
the key to this anomaly. They have shown that the average alveolar 
oxygen pressure (as determined by analysis of the mixed alveolar air) 
or the average oxygen pressure of the blood leaving the alveoli (as 
determined by the carbon monoxide method of Haldane and Lorrain 
Smith or Douglas and Haldane) does not correspond to the oxygen 
pressure of the mized arterial blood (as determined by the aerotonometer 
method). The reason for this is that the distribution of oxygen in the 
alveolar air is more or less uneven, with the result that on account of the 
shape of the dissociation curve of oxyhemoglobin in blood the saturation 
of the mixed arterial blood tends to be lower than corresponds to the 
average partial pressure of the blood leaving the alveoli. In this way we 
can now account for the fact that the carbon monoxide and aerotono- 
meter methods give different results, and that appreciable anoxemia 
exists and has to be compensated for, even though there is only a slight 
diminution in the partial pressure of oxygen in the inspired air. The 
experimental proof, by the carbon monoxide method, of the existence of 
oxygen secretion as a response to anoxemia remains, however, com- 
pletely unimpaired, and the whole of the phenomena relating to the 
physiological response to anoxemia become much more easily intelligible 
than before. 

We are now in a position to form a comprehensive idea of what 
normally happens when the partial pressure of oxygen in the inspired 
air is reduced, as by a diminution in barometric pressure. The first effect 
of such a diminution will be (in consequence of the uneven distribution 
of oxygen in the alveoli) to produce an appreciable diminution in the 
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percentage saturation of the arterial blood with oxygen. The respiratory 
centre, as clearly appears in connection with the phenomena of periodic 
breathing, and of voluntary holding of the breath (Hill and Flack, and 
others), is extremely sensitive to even slight anoxemia, and immediately 
responds with increased breathing. The effect of this is, however, to 
wash out more CO, than usual from the arterial blood, and so diminish 
its hydrogen ion concentration and rapidly check the increased breathing, 


as was pointed out by Haldane and Poulton. The body then settles 


down for the time into a condition in which there is both a slight diminu- 
tion of hydrogen ion concentration in the blood and a slight anoxemia. 
It is very important to realise that anoxemia cannot be compensated for 
by mere increase in the breathing. The advantage gained by higher 
saturation of the hlood with oxygen in the lungs is counteracted by the 
alkalosis produced, through the fact that, as Bohr found, the dissociation 
curve of oxyhemoglobin is shifted in consequence of the diminution in 
CO,. Owing to this the hemoglobin not only combines more readily 
with oxygen in the lungs, but also holds on more tightly to it in the 
tissues, so that their oxygen supply is not much improved, though the 
blood is redder. Barcroft showed that this effect is due to diminished 
alkalinity. Even, therefore, if the diminished hydrogen ion concentration 
with increased breathing did not automatically diminish the increased 
breathing, there would (unless the anoxemia was extreme) be little 


gained by the increased breathing, except just at first, before the 


hydrogen ion concentration in the tissues had time to equalise itself with 
that of the blood. Mutatis mutandis the same considerations apply to 
increase in the circulation rate. Neither increase in circulation rate nor 
increase in breathing can by itself compensate for the want of oxygen; 
and the fallings off in the initial increases of breathing and pulse-rate 
after a state of anoxemia is produced are indices of this. At first sight 
it might seem that mere increases in the breathing and circulation would 
be the natural response to reduced atmospheric pressure; but these re- 
sponses would be ineffective for the reasons just given. 

We are thus left in face of the fact that in spite of any mere increases 
in the breathing or circulation (such as might be continued permanently 
without the slightest strain on the powers of the respiratory apparatus 
or heart) a condition of anoxemia remains, along with a slight diminution 
in the hydrogen ion concentiation of the blood. That this condition is in 
itself a harmful one is shown clearly by the phenomena of mountain sick- 
ness and the serious effects of long-continued anoxæmia in cases of illness. 
In our experiments we purposely avoided mountain sickness by limiting 
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the periods of exposure to anoxemia; but nothing is more significant 
than the ease with which a long-continued very slight anoxemia produces 
mountain sickness, or the corresponding phenomena in slight CO- 
poisoning. To avoid mountain sickness it is absolutely necessary to give 
time for true acclimatisation to come into play. To what extent moun- 
tain sickness is due directly to anoxemia, or to the secondary diminution 
in the hydrogen ion concentration of the blood (“alkalosis”), it is im- 
possible at present to say; but in any case the two causes are closely 
bound up with one another, and the present experiments seem to enable 
us to follow out in some detail the response, more particularly, to the 
alkalosis. 

As shown both by the preliminary short experiments and by the 
longer ones summarised in Table I, an immediate response to anoxemia 
is a very teat diminution in the total acid normally excreted in the 
urine. At che same time the ammonia salts excreted are also diminished, 
so that there is a decreased conversion of nitrogenous material into 
ammonia. The net result must be a diminution in the abnormal alkalinity 
of the body caused by the increased breathing. Hence the breathing can 
be still further increased without hindrance from an increase in the 
alkalosis. The ultimate cause of the increased breathing is still, however, 
the stimulus of anoxeemia, while the immediate stimulus leading to de- 
creased elimination of acid and diminished production of ammonia is 
the alkalosis caused by increased breathing. The decreased excretion of 
acid with diminished “alkaline reserve” of the blood, and presumably 
also of the body generally, is thus indicative, not of an acidosis for which 
there would be no explanation, but of an alkalosis of which the physio- 
logical stimulus is quite evident. The whole of the facts seem to fit in 
naturally and simply with this mode of explanation. 

One of us (J. S. H.) was largely responsible for the current view that 
slight anoxemia produces a slight acidosis, evoking an increase in the 
breathing. The causes of this acidosis were first sought in excessive pro- 
duction of lactic acid, and when this theory was found to be untenable, 
in a lowering of the threshold of alkalinity to which the kidneys and 
liver regulate the hydrogen ion concentration of the blood!. The latter 
theory seems now to be quite unnecessary, as the phenomena can be 
explained without the assumption that there is any change in the normal 
functions of the kidneys and liver in regulating the reaction of the blood. 

It now seems evident that the kidneys and liver on the one hand, and 
the respiratory centre on the other, regulate with a delicacy which is as 
1 This theory was put forward in the Pike’s Peak report; pp. 301, 302. 
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yet far in excess of the delicacy of existing physical or chemical methods 
of measurement (12), the reaction of the blood. Of these regulators, the 


respiratory centre appears to do the rough and immediate work necessi- _ 


tated by the rapidly varying production of CO, within the body. The 
kidneys and liver, on the other hand, act far more slowly, but also more 
exactly. In addition, the kidneys appear to regulate the normal pro- 
portions of the alkaline salts of the blood, just as they regulate the 
normal proportions of sodium chloride and other crystalloid constituents. 
In this way only can we account for the fact that the alveolar CO,- 
pressure during rest, the capacity of the blood for combining with 
CO, (13), and its composition generally, remain so astoundingly steady 
as they do, under ordinaty conditions. The changes in the “alkaline 
reserve’ of the blood during acclimatisation is only slow because the 
kidneys and liver are slow in getting level with the very considerable 
amount of work which they are called on to perform. As L. J. Hender- 
sond has so clearly pointed out, a very large amount of alkali must be 
withdrawn from the body in order to alter its reaction appreciably. 
Hence the kidneys and liver can only perform their work slowly; and 
acclimatisation, in so far as the blood-reaction is concerned, takes a con- 
siderable time. Conversely, it must take a considerable time for the 
alkali in the body to return to normal when the anoxemia is removed. 
Hence the alveolar CO,-pressure remains low for some time. 

A balance must finally be struck between the stimulus of anoxemia 
which by increasing the breathing produces alkalosis and the reaction of 
the liver and kidneys in diminishing the alkaline salts in the body and 
so tending to neutralise the alkalosis and diminish the want of oxygen 
in the systemic capillaries. A balance is struck because the alkaline salts 
are normal constituents of the body, and their removal is accordingly 
resisted. The excretion of acid will thus tend to reach a normal standard 
again when acclimatisation is established; and it appears from the 
determinations by Hasselbalch and Lindhard, of the hydrogen ion 
concentration of the urine after acclimatisation was established, that 
this is the case. On the other hand, they found that the excretion of 
ammonia remains abnormally low so long as the stay at lowered atmo- 
spheric pressure continues; and this is a clear indication that a slight 
degree of alkalosis still remains. Directly the anoxemia is removed the 
excretion of ammohia rises to a normal standard and there is a corre- 
sponding sudden rise towards normal in the alveolar CO,-pressure. This 
marks the end of the alkalosis, and it only remains to restore gradually 
the normal proportion of alkaline salts in the blood. During this process 
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there will, of course, be some diminution in the alkali excreted by the | 


urine: Hasselbalch regards diminished formation of ammonia as the 
cause of the hypothetical acidosis of anoxemia, and assumes that this 
acidosis lasts for some days after an acclimatised person returns to 
normal atmospheric pressure. The interpretation which we now give 
seems, however, to be much simpler and more satisfactory. In this con- 
nection we may point out that electrometric or other measurements of 
the hydrogen ion concentration of fully reduced blood at alveolar CO,- 
pressure may be very misleading when the alkaline salts or percentage 
of hemoglobin are abnormal, since reduction of the hemoglobin acts 
like addition of alkali to blood, as Christiansen, Douglas and 
Haldane showed in the paper already quoted. 

Our interpretation is, we think, greatly strengthened by recent 
experiments in which Yandell Henderson and Haggard us) showed 
that the effect of continued excessive artificial respiration is to produce 
a very marked diminution in the “alkaline reserve of the blood. The 
alkalosis which results from the excessive lung ventilation thus leads to 
a removal of alkali from the blood in an attempt at compensation. They 
also found that a converse effect is produced when a considerable excess 
of CO, is breathed. These important discoveries seem to suggest that 
the body has some rough and rapid means of varying the quantity of 
alkah in blood quite apart from the slow action of the liver and kidneys. 


While this paper was passing through the press we received a copy 


of a lecture on the Physiology of Aviation, published by Yandell 
Henderson in Science, May 8, 1919. Referring to the supposed acidosis 
of anoxemia he makes the following remarks. ‘ Recent and as yet un- 
published work by Dr Haggard and myself indicates that the process 
involved is almost diametrically opposite to that which has been hitherto 
supposed to occur, and that the result is not a true acidosis. Under low 
oxygen, instead of the blood becoming at first more acid with a com- 
pensatory blowing off of CO,, what actually occurs is that, as the first 
step, the anoxemia induces excessive breathing. This lowers the CO, of 
the blood, rendering it abnormally alkaline; and alkali passes out of the 
blood to compensate what would otherwise be a condition of alkalosis.”’ 
It is thus evident that he has reached, though on independent grounds, 
similar conclusions to ours on this subject. * 

It is evident that the degree of acelimatisation brought about by 
diminution of the alkali in the blood does not help against deficient 
saturation of the blood with oxygen at the existing oxygen pressure in 
the lung alveoli. To help against this the other two responses to anox- 
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emia come into play. In the first place the power of reacting by active 
secretion of oxygen inwards is increased, so that with a given pressure of 
oxygen in the alveolar air the percentage saturation of the hæmoglobin 
is increased, as was shown experimentally during the Pike’s Peak ex- 
pedition to be the case. The stimulus to secretion arises from the 
anoxemia in the tissues, and this side of acclimatisation appears to be 
nothing more than an example of the familiar fact that the functioning 
of any organ tends to become more efficient with use, and particularly if 
the use is discontinuous, so that harmful fatigue effects are avoided, It 
is thus easy to understand why acclimatisation due to this response was. 
most prominent in our experiments. The second response is that the 
percentage of hemoglobin in the blood increases, as want of oxygen acts 
as a stimulus in this direction. The effect of the increased percentage is 
that with the circulation and lung-ventilation remaining the same, the 
partial pressure of oxygen in the systemic capillaries will be higher, and 
in this way anoxemia will be diminished. In the present experiments 
this means of acclimatisation did not appear to have come into play at 
all, as the hemoglobin percentage was rather lower on the fourth than 
the first day. 


SuMMARY. 


1. The symptoms in different persons of the anoxseemia produced by 
different degrees of reduction of atmospheric pressure are described and 
discussed. 3 

2. These symptoms appear to be less marked than when the alveolar 
oxygen pressure is reduced to the same extent by simply reducing the 
oxygen percentage in the air breathed. : 

3. In different individuals the severity of the symptoms is not 
always proportional to the blueness of the lips and face, and particular 
symptoms vary a good deal. | 

4. During the anoxemia there is a very marked diminution in the 
acid excreted by the kidneys, and a less marked diminution in the 
excretion of ammonia. 

5. Partial acclimatisation to reduced atmospheric pressure was 
obtained by discontinuous exposure to progressive diminutions of pres- 
sure; but this partial acclimatisation was apparently due almost entirely 
to increased inward secretion of oxygen by the lung epithelium. 

6. The phenomena of anoxemia and acclimatisation to low pressures 
are analysed more fully than before. It is pointed out that a mere in- 
crease in respiration or circulation cannot relieve the anoxemia, and the 
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conclusion is drawn that the supposed slight acidosis of acclimatisation 
is in reality only an incomplete compensation of a continued alkalosis 
due to the increased breathing caused by the anoxemia. 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
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THE THYMUS AND TETANY. By T. J. HONEYMAN. 


(From the Physiological Laboratory, University of Glasgow.) 


WorkKInNG on the hypothesis that tetany is caused by the accumulation 
of certain substances in the blood, which substances are normally 
antagonised by the parathyreoids, Uhlenhuth maintains that these 
tetany-producing substances are contained in and produced by the 
thymus(i). His experiments were conducted on the larve of certain 
species of the salamander, which possess six well-developed thymus 
glands and no parathyreoids—the latter appearing after metamorphosis. 
The larve were fed on calf’s thymus and marked symptoms interpreted 
as those of tetany—were observed. After metamorphosis—when the 
parathyreoids appear—no such symptoms were noted. Uhlenhuth 
anticipates the most obvious criticism, viz. that if the thymus secretes 
tetany-producing substances, there should be tetany in the larva by 
virtue of its own thymus, by assuming that in the larva there is some 
other mechanism sufficient to control thymus secretion, but insufficient 
if thymus be added to the diet. To draw the conclusions arrived at by 
Uhlenhuth from his experiments does not appear justifiable. All he 
demonstrated ‘was, that spasticity and convulsions occurred in the 
salamander larve; but these conditions may exist apart from tetany, 
and as the crucial test—the increase in the excitability of the peripheral 
neuro-muscular structures—cannot be applied in such animals, it is 
impossible to assume that the condition was identical with that of tetany. 
The question of the relation of the thymus to tetany may however be 
tested in the mammal. While not satisfied that the history of the work 
on tetany—very completely dealt with by Noé] Paton and Findlay ) 
—justifies Uhlenhuth’s initial hypothesis, I have investigated in the 
guinea-pig the effect that the thymus may have as a causative factor 
in the occurrence of symptoms of parathyreoprival tetany. 

If the thymus secretes a specific tetany toxin, and if the thymus 
and the parathyreoids be removed, we should not expect symptoms of 
tetany to develop. I find, however, that extirpation of the thymus and 
of the parathyreoids in the guinea-pig is followed by the classical 
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symptoms of tetany. Moreover, Prof. Noél Paton informs me that 
in a young dog from which the thymus had been completely removed, 
parathyreoidectomy caused tetany. Basch() records symptoms 
suggestive of tetany (e.g. electrical hyperexcitability, tonic and clonic 
spasm of muscles) in the dog following removal of the thymus only, 
but the observations of other workers lead to the conclusion that there 
is frequently parathyreoid tissue present in the thymus. Marine 
found such to be the case in 5 or 6 p.c. of dogs(4), and Harvier records 
it. in 50 p. c. of cats (8). 

Methods and Symptoms. In the guinea-pig, the thymus, consisting 
of two lobes, lies superficially in the neck and can be easily removed. 
The parathyreoids present somewhat greater difficulties on account of 
their variable situation and small size. As a rule they are found as two 
distinct bodies external to each lobe of the thyreoid on either side. In 
some cases they are attached to the thyreoid, though still preserving the 
appearance of separate structures. Complete thyreoparathyreoidectomy 
was always performed, since it has been shown that the presence or 
absence of the thyreoid does not modify the onset of symptoms . With 
the exception of No. 1 the animals used were young, averaging less 
than 250 gms. in weight, so as to ensure that the thymus was still 
functionally active. 

The anesthetic employed was a mixture of chloroform and ether 
and the electrical reactions were taken under full anæsthesia immediately 
before operating and at intervals thereafter. After the operation the 
animal recovers rapidly and appears to be in every way normal until 
symptoms develop—usually i in about 48 hours. It then becomes less 
active, resting in a “crouched” attitude. Tremors, at first transient, 
latterly more persistent, can be seen and felt. Spasticity appears first 
in hind quarters and is usually well marked. Convulsions were observed 
in two cases and were mainly of a clonic nature—the animals dying 
shortly after one of these made its appearance. Changes in the 
electrical reactions were investigated quantitatively only, the effect on 
the k. C. and k. o. contractions being noted. As the following table 
shows, there is a marked increase in the electrical excitability. It may 
be mentioned that one animal which was operated on did not show 
this increase nor did any symptoms of tetany develop. On histological 
examination, it was found that the structures removed were not para- 

thyreoids but small lymph glands. 
The combination of all symptoms and signs described justifies us 
in concluding that the condition is a true tetania parathyreopriva. It 
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may be argued that although the thymus—as a gland—is removed, 
there may still remain several isolated pieces of thymus tissue. It is 
certainly the case, that in the guinea-pig such pieces of thymus are 
found scattered throughout the cervical region; but it appears to us 
very improbable that these, of themselves, are — to — 
symptoms, such as we have observed. 


CoNCLUSIONS. 


(1) Extirpation of the thymus along with the 3 in 
the guinea-pig, does not modify in any way the onset of symptoms of 
tetania parathyreopriva; and 

(2) It appears unlikely that the thymus secretes or contains any 
substance capable of producing tetany. 


I have to acknowledge my indebtedness to Prof. Noél Paton, at 
whose suggestion this investigation was undertaken, for his constant 
help and guidance, and to Dr Morris who assisted me in operating 
and in taking reactions. 
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THE HYPERGLYCEMIA OF ASPHYXIA AND THE PART 
PLAYED THEREIN BY THE SUPRARENALS. By 
C. H. KELLAWAY, M.C., M.D., M.S. (Melb.). 


the Dapartnent Medical 
Research Committee.) 


STEWART AND Rocorr (1917, )) have recently denied that the 
suprarenals play any part in producing the hyperglycemia of asphyxia 
and have, in fact, been unable to show that there is any increase in the 
output of adrenalin in this condition. Still more recently Gley and 
Quinquaud (1918) have also called in question the increased. output 
of adrenalin in asphyxia which Cannon and Hoskins (1911), Elliott 
(1912) and Anrep (1912) had demonstrated. It seemed desirable there- 
fore to take up this question once more and to reinvestigate it from a 
somewhat different standpoint. 

In the experiments of previous workers no attempt was meade to 
graduate the severity of the asphyxia used and for the most part the 
negative observations obtained have been vitiated by the complicating 
effects of severe operative procedures under anesthesia. Most of my 


observations have been made upon non-anesthetised cats in which the 


preferential dilatation of the pupil, sensitised by the removal of the 
corresponding superior cervical ganglion some days before ( paradoxical ” 
pupil-reaction), has been used as an index of the output of adrenalin. 
This proved to be perfectly satisfactory for the milder degrees of asphyxia 
and anoxemia in non-anesthetised animals. 

My first object was to satisfy myself, by use of this method, as to 
whether asphyxia does cause an increased output of adrenaline. This 
question being answered in the affirmative, I have attempted to deter- 
mine the degree to which this accelerated output is responsible for the 
hyperglycemia, which, by general consent, follows asphyxia. For this 
purpose I have investigated the dependence of the pupillary paradox 
and hyperglycemia, as produced by asphyxia, on the integrity of the 
splanchnic nerves and the suprarenal glands. I have further attempted 
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to determine the parts played in these asphyxial phenomena by lack 
of oxygen and excess of carbon dioxide respectively. Incidentally some 
similar observations have been made on the effects of emotional excite- 
ment. 
Methods. For the purpose of these experiments the cats were 
gently tied down on the warmed observation table by the method 
devised by Cannon. 

Simple progressive asphyxia was produced by the use of a mask 
presently to be described, the inlet tube of which was closed and the 
outlet connected either to a rubber tube of $-inch bore and 7 feet in 
length, or to a collapsible airtight bag from which samples for analysis 
could be taken at the end of the experiment. 

Pure anoxemia of varying degrees of severity was produced by 
supplying to the animal, by means of the same mask, mixtures of air 
and nitrogen prepared by the method devised by Dreyer (1918). In 
this, air and nitrogen pass through separate metres at accurately 
adjustable rates into a mixing chamber, from which the mixture is 
delivered to the subject of experiment. As a mixing chamber I used a 
glass bell jar of 22 litres capacity which was fixed on to a board through 
which inlet and outlet tubes passed, the junction being made airtight 
with plasticine. In some experiments the cats were placed under the 
bell jar which was ventilated with the required mixture at such a rate 
as to wash out the animal’s expired air. The accuracy of the apparatus 
in making various mixtures was checked by analysis of samples with 
the Haldane gas-analysis apparatus. The nitrogen used was of 98°/, 
purity and the correspondence between the observed and calculated 
composition of the mixtures proved sufficiently close for my purpose. 


Calculated Observed Calculated Observed 
0 0, "lo 0 O. 0 
10-57 10°52 8-0 78 
16-39 16-44 10-0 9-9 
10-4 10-6 70 6-8 


‘The apparatus was also used to make mixtures containing excess 
of CO,, the nitrogen cylinder being replaced by a container of this gas. 
Mixtures made in this way had the disadvantage that with high percen- 
tages of CO, there was also some reduction in the percentage of oxygen 
in the mixture. 

The mask used in these experiments was a truncated cone of tin- 
plate, oval in cross section. The inlet and outlet tubes were of }-inch 
bore and were soldered into the closed and smaller end of the mask. 
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A piece of thin sheet rubber was cut into a suitable strip and joined by 
rubber solution so as to form a short, wide, conical tube. The broad 
end of this tube was of considerably smaller diameter than the open 
end of the mask and was stretched over this latter and bound down 
round the margin with insulating tape. The narrow end of the tube was 
then invaginated into the mask and furnished an opening in an elastic 
diaphragm, which fitted over the cat’s face, covering the eyes. Experi- 
ence in the use of this mask showed that, if the rubber was renewed as 
often as it showed signs of losing elasticity, the contact made with the 
animal’s face was practically airtight, so that it breathed nothing but 
the mixture ventilating the mask while this latter was in position. 
The outlet tube of the mask was fitted with an expiratory valve and the 
inlet tube was connected by wide bore tubing with the mixing chamber 
of the Dreyer apparatus. 

Control observations were made in which the mask was applied to 
the animal’s face and ventilated with atmospheric air, in order to deter- 
mine whether the mere application of the mask produced anoxemia. 
No evidence of such an effect could be obtained, the oxygen contents of 
samples of venous blood, taken before and during the period of applica- 


tion of the mask, being identical. It could not be doubted, however, 


that the degree of anoxeemia produced by the administration of mixtures 
deficient in oxygen was magnified by the tension of the rubber dia- 
phragm, which made it difficult for the cat to breathe with its mouth 
open, as it would normally do, when breathing such a mixture without 


constraint. This factor became even mrore important if the cat struggled 


during the inhalation of the mixture. 


In some experiments made under urethane the mixture of air and 


provided with inlet and outlet valves. This method was particularly 
convenient for the observation of the changes in the pupils, which could 
be observed under a fixed and even illumination during the inhalation 


nitrogen was administered by means of a ot cannula which was 


of the mixtures, and not only after its removal, as when the mask was 


used, 

The method used for the determination of blood sugar was the 
modification of the Lewis-Benedict method described by 8. R. Benedict 
(1918). It was found necessary to add rather more picramic acid to the 
standard than recommended by Benedict. It was also found that with 
high percentages of sugar it was best to dilute the solution obtained to 
more than 25 C. e. before reading it against the standard in the Duboscq 
colorimeter. Accurate results could be obtained by taking an initial 
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rough reading and then diluting to an appropriate volume before making 
the final reading. For my purpose, however, this degree of accuracy 
did not appear to be essential. The following results show the sort of 
accuracy obtained by the use of this method. 

Blood was obtained from the ear vein of an unansssthetised rabbit and its blood sugar 


content determined. Known amounts of glucose were then added to successive samples 
eam of this blood and the percentage of blood sugar in the mixtures were observed. 


Series I. 
Blood 187 — 
2 c.c. of Blood +2-2 mg. ‘glucose ave -306 297 
Series II. 

of Blood +6:27 184 

2 + 5 mg. 
2 c.c. of Blood + 0-55 mg. paces 200 198 
2 c.c. of Blood +0-825 mg. glucose 207 2¹² 


ae making observations on the changes in blood sugar of cats two 
complicating factors had to be considered hemorrhage due to the 
taking of samples and emotional disturbance in non-anesthetised 
animals. It was not possible to eliminate the latter and consequently 
the blood sugar determinations are frequently too high (cf. Scott 

(1914)). This, however, does not alter the relative value of the observa- 
tions, as all the samples were obtained under the same conditions. With 
regard to the effect of hemorrhage, the taking of three or four small 
bleedings of 2-3 c.. each was found in control animals to cause no 
appreciable rise in the blood sugar, though more considerable hemor- 
rhages, as Epstein and Baehr (1914) and many other observers have 
shown, cause a pronounced hyperglycemia. 

The blood samples for these and other observations were obtained 
from one or other jugular vein by means of a needle and syringe, which 
Were rinsed out with saturated potassium oxalate solution. In animals 
under anesthesia the samples were taken from a carotid artery, directly 
into a centrifuge tube containing a little dry powdered oxalate. 


The paradozical pupillary reaction as a test for increase in the output of 
adrenalin in asphyxia. 

In cats in which one iris has been partially denervated by the removal, 

some days before, of the corresponding superior cervical ganglion, the 

pupil on this side is normally, under conditions of bright illumination, 
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somewhat smaller than its fellow. The nictitating membrane is partially 
prolapsed and the palpebral fissure is narrowed on the denervated 
side. 

When the animal is asphyxiated by one of the methods described 
above, the following changes constantly occur. As soon as the mask is 
removed both pupils are found to be widely dilated. Half a minute 
later, the pupils being illuminated meanwhile, either by daylight or 
by means of an electric filament lamp, symmetrically placed at a fixed 
distance from the animal’s eyes, the normal pupil has contracted to a 


slit, while the denervated one remains dilated for a variable period. 


At the end of the asphyxia the nictitant membrane on the denervated 
side is retracted and the palpebral fissure wider than that on the normal 
side; As the denervated pupil contracts again the nictitant membrane 
prolapses and the palpebral fissure becomes narrower. 

The extent of the reaction may be gauged by (1) the size and shape of 
the dilated sensitised pupil relative to its fellow of the opposite side and 
(2) the time taken by the sensitised pupil to attain equality to its fellow. 
Half a minute after this equality has been attained the denervated 
pupil was invariably found to have become once more smaller than the 
normal one. If the effect produced is a maximal one the denervated 
pupil is circular in outline and only the narrowest margin of iris is visible 
at its circumference. In less marked reactions angulation is evident in 
the outline of the pupil at each extremity of its vertical diameter. The 
time during which the preferential dilatation persists, that is to say, 
the time elapsing between the cessation of the asphyxia and the attain- 
ment of equality by the two pupils, varies from teri minutes to less than 
one minute, according to the severity of the asphyxia and the sensitive- 
ness of the reaction in the particular cat under experiment. 

This reaction is known as the paradoxical pupil reaction. It was 
first described by Budge (1855). Anderson (1903) gave an historical 
account of the investigations concerning it which had been carried out 
up to that time. He obtained the reaction in excitement, asphyxia and 
in anesthesia, and observed that it could be elicited 24 hours after the 
removal of the ganglion and for more than a year afterwards. Meltzer 
and Auer (1904) first recognised its significance as an index of increased 
output of adrenalin. They showed that the injection of adrenalin into 
animals in which one pupil had been partially denervated caused the 
reaction. Since then the reaction has been used by numerous workers 
as a test of increased output of adrenalin. Dale and Laidlaw (1912) 
used it in investigating the action of certain alkaloids on the adrenal 
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glands. Elliott (1912) arrived at the conclusion that the secretion of 
adrenalin “is the cause of nearly all the phenomena of paradoxical 
pupillo-dilatation.” He observed that when one superior cervical 
ganglion was removed in the adult cat, and when subsequently the 
suprarenals were removed, the dilatation of the corresponding pupil, 
which before the second operation had followed emotional excitement 
or light asphyxia, was no longer present, though deep asphyxia still 
gave dilatation of the denervated pupil in the terminal spasms. 
Stewart and Rogoff (1916, b), however, observed that in cats in which 
one suprarenal had been removed and the splanchnics of the opposite 
side divided, fright, asphyxia and anesthesia with ether gave reactions of 
the denervated pupil “which did not differ from those reactions in cats 
whose suprarenals had not been interfered with.“ The same workers 
(1916, a) using their “pocket” method in cats under urethane anes- 
thesia, observed the effects produced by asphyxia on the output of 
adrenalin as measured by the effect of suprarenal vein blood on the 
blood-pressure and on the denervated pupil. Their results in these 
experiments may be interpreted as indicating a slight increase in the 
output of adrenalin in this condition. They pointed out, however, that 
the effect of asphyxia in producing rise of blood-pressure and dilatation 
of both pupils, apart from the effects due to the suprarenals, made it 
difficult to use these reactions as a measure of the output of adrenalin 
and that such positive results as they obtained were capable of inter- 
pretation as resulting from increased rate of filling of the caval “ pocket 
with adrenal blood, due to the rise in blood-pressure caused by asphyxia. 
They also referred to the possibility that the extensive operative proce- 
dures adopted in these experiments might, by diminishing the secretion 
of adrenalin, vitiate any negative conclusions arrived at in this way. 
In Stewart’s experiments the use of the reaction of the denervated 
pupil as an index of increased output of adrenalin in asphyxia has 
yielded results difficult of interpretation, firstly, because no attempt was 
made to graduate the severity of the asphyxia, and secondly, because 
sufficient attention was not paid to the extent and duration of the 
preferential dilatation of the denervated pupil so produced. 
Reviewing the evidence it seemed safe to proceed on the assumption 
that in non-anesthetised animals subjected to asphyxia of moderate 
severity the paradoxical pupil reaction was an index of accelerated 
output of adrenalin, except in the case of the residual effects, which 
extreme asphyxia produces even after both suprarenal glands have 
been removed. This assumption was amply justified, and the points 
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of evidencé can most conveniently be noted in connection with the 
experiments in which they arose. 


— 


The part played by anoxemia and by excess of CO, in the production of 
paradoxical pupillary dilatation in asphyzia. 
The folfowing experiments were made to decide this question: 


Exp. I. I. II. 18. Removal of the right superior cervical ganglion under ether anesthesia 
with aseptic precautions l. 
2. 12. 18. Cat secured on the table. No anesthetic administered. 
a. m. 
11.32-11.37. Animal inhaling atmospheric air circula through the mask. 
11.37. No preferential 
11.53-11.58. Animal inhaling a mixture of air and nitrogen containing 7% 0, 
11.58. Maximal preferential dilatation of the sensitised pupil which persisted for 
seven minutes. 


2.38-2.54. Animal inhaling atmospheric air containing 7-4 °/, of CO, 


2.54. No preferential reaction observed. 

3.17-3.21. yxia; 6 ft. 9 in. of rubber tubing attached to the mask. 

3.21. Maximal preferential pupillary reaction which lasted seven minutes. 
3.35-3.40. Animal inhaling mixture containing 6-6 °/, CO,. 

3.40. No preferential reaction. 

3.40-3.47. Animal inhaling the same mixture. 

3.47. No preferential reaction. , 


Two experiments (Exps. 2 and 3) giving similar results were made. 
Exp. 2 will be described later in another connexion; it was made under 
urethane; Exp. 3 was made without anesthesia. In Exp. 2 it will be 
seen that defect of oxygen again produced the paradox, while excess of 
CO, had no effect. In Exp. 3 mixtures containing various percentages 
of oxygen, from 13°/, down to 6°/,, caused paradoxical reactions of 
increasing intensity as the severity of the anoxemia increased. 10°/, 
CO, produced no paradox, 16-5°/, CO, a slight and evanescent one. 

The general result of these experiments is to indicate deficiency 
of oxygen as the element in asphyxia which is most regularly and 
powerfully effective in causing increased secretion of adrenalin, as 
demonstrated by the pupillary paradox. When the experiment is made 
by applying a mask to the animal, the necessary restraint sometimes 
introduces a factor of excitement so great as to be effective by itself. 
When this is absent, the lower percentages of CO, cause no paradox, 
provided the percentage of oxygen is adequate. The higher percentages 
cause a small effect. But with the method of making the mixtures here 

! Throughout this work all operations from which the animal was allowed to recover 
have been performed by Dr H. H. Dale; full antiseptic precautions have in all cases been 
employed, and the animal has been fully anesthetised with ether during the whole of the 
operation. 
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used, introduction of a W percentage of CO, caused a diminution of 
oxygen percentage, which might by itself be effective, and the adminis- 
tration of such a mixture is accompanied by excitement and resistance. 
The latter accentuates the lack of oxygen, and evidence will be given later 
that administration of these mixtures with high concentrations of CO, 
is accompanied by anoxemia, to which part of its effect must be attri- 
buted: As between lack of oxygen and excess of CO,, there can be no 
doubt, then, that the former is the more important factor in the effect; 
the further question, whether anoxemia produces its effect solely by 
causing excitation of the central nervous system, must be left open for 
the present. 


hyperglycaemia of asphyxia. 
The following experiments show that the same three factors, 
anoxemia, nervous excitement and large excess of CQ,, all play a part 
in producing the hyperglycemia of asphyxia. Smaller percentages of 
CO, of the order of 5°/, appear to be without effect in this direction. 


The effect of anoxemia on the blood sugar. 


Exp. 4. Cat tied out on the table without anwsthesia immediately before the first 
sample was taken, and remained tied out till 4.14 p.m. 


3.15. Blood sugar 0-126 %. 
3.32-3.40. 5 % oxygen by means of a mask. 
470 Blood eer 8. The animal was kept on the table during this period.) 
le sugar 0-303 ( was on t 
4.11. Pure nit rr 
failed, but was resumed when the mask was removed and the chest 
compressed a few times. 
4.13. Blood sugar 0-397 °/,. 
Exp. 5. Tied out on the table just before the first blood sample was taken till 11.32 a.m. 
No anesthetic administered. 
10.50. Blood sugar 0-128 %. 
11.6-11.11. 6% oxygen by mask. 
11.11. Blood sugar 0-283 °/,. 
11.31. Blood sugar 0-309 °/,. 
Exp. 6. 
11.20 a.m. Blood 0-131 °/,. 
11.26-11.56. Cat bell jar which was ventilated with atmospheric air. 


12.0 noon. Blood sugar 0-131 %. 

* Cat re under the bell jar which was now ventilated with a mixture 
* 18 p. m., when the cat was taken out. 

2.20 p.m. Bis Blood sugar 0-156 °/,. : 

3.5 p.m. Blood sugar 0-175 %. 

4.20 p.m. Blood sugar 0-123 % 


Exp. 7. "The effect of excess of CO, on the blood sugar. 
12.30 p.m. Blood sugar 0-154 °/,. . 
2.12-3.15. ee which was ventilated with an atmosphere 
containing 4-7 °/, CO;. 
3.20. Blood sugar 0-156 le- 
4.20. Blood sugar 0-156 %% 
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Exp. 8. 

11.10 a.m. 

11.25-11.56 a.m a mixture containing 7% CO, through a mask. 

117 a.m. Blood sugar 0-120 %. 

11.56 a.m. Blood sugar 0-125 %, 

3.25 p.m. 2 r 0-120 °/, 

3. 7 p.m, 4 making the cat breathe into the mask 
en. ft. 6 in. long of - inch bore. The cortical 
reflex was abolished at the end of this * 

3.37 p.m. Blood sugar 0-306 °/,. 

4.7 p.m. Blood sugar 0-214 °/,. 


6. 4. 19. 11.12 a.m. Tied out on the table. Cat angry and struggled a great deal. 
11.20 a.m. Blood sugar 0-193 %. 
11.23-11.28 a.m. Air inhaled through the mask. 

11.28 a.m. Blood sugar 0-193 °/,. 
11.30 a.m. Cat returned to its 
12.17 p.m. Cat tied out on the table. 
1220-12-95 Mixture containing CO, and 17°, of oxygen 
p.m xture containing 15% CO, 17% of o inhaled 
by the mask. Violent s and 
12.26 
12.3312 10 % o 


— 


7. 4. 19. see Gat ue tied out out on the ‘able 


sugar 
3.38-3.43 p.m. 5% CO, and was very excited. When 
8 — te it 3 t the mucous membranes were 


3.44 p.m. Blood 2 0-219 %. 
10 % The oat struggled a great deal and resisted. 
p.m. 
4.3-4.8 15 % CO, and 17% oxygen mmhaled. Mucous 
cyanosed mask removed. 
2 Blood sugar 0-341 0 
8. 4. 19. 12.30 p.m. Uncorrected Van Biyke of the oxygen contained in 2 c. o. of 
venous blood at 15° C. and 750 mm.—0. 22 c.c. 
12.40-12.45 p.m. Mixture con 15 */, CO, and 17 °/, oxygen inhaled. 
12.45 p.m. Uncorrected at 15°C. and 750 mm. of oxygen content of 
2 0. o. of venous blood—0-16 c.c. 


In investigating the effects of anoxemia on the blood sugar it is not 
easy to dissociate from these the effects produced by nervous excitement 
incidental to the administration of air poor in oxygen. In Exp. 4, for 
instance, part of the rise in blood sugar from 0-126 °/, to 0-441 °/, must 
have resulted from the associated emotional disturbance caused by the 
administration of a mixture containing 5% of oxygen. This experiment 
also illustrated the relatively small rise which additional anoxemia of 
great severity was able to cause, when the blood sugar had already 
reached a high value. 

In Exp. 5, the effect of tying out the animal on the table is illustrated 
by the further rise which took place during the 20 minutes which elapsed 
after the administration of 6% oxygen. 
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3.26-3.31 p.m. Air inhaled through the mask. 
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In Exp. 6 the administration of the Andere poor in oxygen was 
carried out by placing the animal under the bell jar of the Dreyer 
apparatus. The administration of the mixture was continued for over 
two hours and time was thus allowed for sugar to be excreted in the 
urine. The effect of excitement was largely eliminated. These two facts 
largely account for the smallness of the rise in blood sugar produced in 
this way. 

The effect of an excess of CO, varying from 5-7 % is shown in Exps. 7 
and 8. 

Exp. 9 shows very well the effect of emotional disturbance due to 
tying out on the table. After tying out for eight minutes, during which 
time the animal was very angry and excited, the blood sugar was 
0-193 % . On two subsequent occasions, when the blood sample was 
taken immediately after tying out on the table, the values obtained 
were 0-128 % and 0-130 % . The susceptibility of this animal to emotional 
disturbance made it very unsuitable for the investigation of the effects 
of excess of CO,. The effect of 5% CO, for five minutes was to cause 
a rise in the blood sugar from 0-145°/, to 0-219°/,. Now, since a rise 
to 0-193 °/, could in this cat be caused by emotional excitement alone, 
the hyperglycemia produced by inhalation of this percentage of CO, 
cannot be with certainty attributed to excess of CO. 

Part of the effect caused by the mixture containing 15% of CO, 
and 17% of oxygen, which caused a rise of from 0-130°/, to 0-222 % 
in the blood sugar on one occasion, and from 0286 % to 0-341 °/, on 
another, must also be attributed to incidental excitement. Part of this 
rise must also in each case be attributed to anoxemia, since inhalation 
of the mixture caused a fall in the oxygen content of the venous blood. 

The effect of anoxemia in causing hyperglycemia is no new pheno- 
menon. Araki (1891, 1894) found that in various animals the inhalation 
of air deficient to various unknown degrees in oxygen gave rise to 
glycosuria and that when these animals were killed at the end of the 
experiments their blood contained excess of sugar. Beside the experi- 
ments recorded above, there will be found in the course of this paper 
numerous instances of well-marked hyperglycemia en the in- 
halation of mixtures deficient in oxygen. 

It seems evident that anoxemia is much the most important factor 
in producing the hyperglycemia of asphyxia, as well as the accelerated 
output of adrenalin that occurs in this condition. This fact provides us 
with a method of graduating the exciting cause as well as the effects 
produced, in the further investigation of the mechanism by which 
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| acceleration of the output of adrenalin and hyperglycemia are caused 
2 by anox#mia. It is probable that in simple asphyxia, in which it is 
not possible to graduate the severity of the various factors concerned, 
. these effects are produced by much the same mechanism. 

X The effect of excess of CO, in asphyxia requires further investigation. 
From the observations recorded above it seems probable that, whereas 
percentages of this gas of- the order of 5% are, generally speaking, 
ineffective as a stimulus, larger percentages, such as 15°/,, if they are to 
be found in the alveolar air of animals in extreme asphyxia, must have 
a significant réle in the causation of both the effects under discussion. 
* The difficulty experienced in getting the animal to breathe regularly 
with mixtures of this high CO, content inevitably introduces some 
degree of anoxemia as a complication, so that absolute proof, of the 
effect of large excess of CO, alone, is practically unobtainable. 


The nature of the mechanism by which anoxemia causes accelerated out put 
7 of adrenalin and increase in the blood sugar. 
In order to investigate the manner in which anoxemia produces 
these effects two separate varieties of experiment were made upon 
| cats in which one pupil had been sensitised by the removal some days 
before of the corresponding superior cervical ganglion. In one, the 
animals were anesthetised with volatile anesthetic and subsequently 
with urethane. Pure nitrogen was administered for short periods, by 
‘ means of a tracheal cannula provided with inlet and outlet valves, be- 
fore and after removal of the suprarenal glands, or with and without 
occlusion of the aorta above the region of the vessels supplying these 
organs. Finally the animals were killed and observations were made on 
the isolated iris preparations in oxygenated Ringer solution, by the 
method devised by Dale and Laidlaw (1912). In the other type of 
experiment the blood sugar changes and pupil reactions were studied in 
the non-anesthetised animal, before and after section of the splanchnics 
„and finally after removal of the suprarenals. and in still other cats before 
and after rémoval of the suprarenals without injury to the * 
nerves, 


N (a) Experiments under urethane anesthesia and observations on the 
isolated iris preparations in vitro. 

These experiments were concerned only with the mechanism by 

which the paradoxical pupillary dilatation of anoxemia was produced. 

No observations were made on the, blood sugar, as urethane anesthesia 
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by itself causes a hyperglycemia of such degree as to make animals 
under this anesthetic unsuitable for the investigation of the blood sugar 
changes of anoxeemia. 

This form of experiment has the advantage that the pupils are visible 
continuously, the gas-mixture being given by a tracheal cannula. 
Against this must be set the disadvantage that the anesthetic causes 
a permanent slight preferential dilatation ef the denervated pupil, so 
that the termination of the paradox caused by a period-ef anoxmia is 
difficult to determing. That this effect of urethane is due to direct action 
on the plain muscle in the iris is shown by the experiments in which the 
irides were treated as isolated organs. 

In some experiments the dependence of the paradox on the secretion 
of adrenalin was demonstrated by its failure after removal of the supra- 
renal glands. The absence of effect might conceivably be due to the 
operative procedure of removing the glands and not to their absence. 
In order to test this other experiments were made in which the supra- 
renal glands were only excluded temporarily from the circulation, by 
obstructing the aorta above the level of their arterial supply. 


Exp. 2. Rt. sup. cervical ganglion excised 33 previously. Chloroform and ether, 


followed by kilo. cannula with inlet and 
outlet valves. Rt. popil slightly the the larger under urethane. 
Mixture breathed 
Normal air Persistent trace Rt. — an both narrow 
6-8 % O, for 5’ Pronounced * on return to 
air left contracts to a slit, 
19-4 °/, O, and 6-7 %/ CO, for 5’ None become narrower 
Suprarenal glands excised by abdominal route 
19-4 °/, O, and 7-4 °/, CO, for 12’ None No e 
3% 0, for 5}’ None Both ate slowly, left more 
Asphyxia for 1}’ None Both — slowly, left more 


Irides excised and placed in oxygenated Ringer's fluid 
1 in 1 million adrenalin Distinct 


Exp. 10. Rt. „ Anesthesia and 
preparation as in Exp. 2. 

Pure N, for 13 Maximal Both dilated, right more than 

left. On return to air left 


Removal of suprarenal glands and ligature of aorta and inferior cava at diaphragm 
Pure N, for Ia None Both dilated, left more than 
right. On return to air both 
contracted equally 
Removal of left sup, cervical ganglion 
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Ezp. 10 (contd) 
Paradoxical pupil 
Mixture breathed reaction State of pupils 
Pure N, for 2’ ? Trace Both dilated, right sligh 
Irides in oxygenated Ringer 
Adrenalin 1 in 2} millions Marked . (denervated pupil) 
Adrenalin 1 in 25 millions None No effeot 
R None Both slowly and equally dilated 
| Urethane I in 250 Distinct Both dilated, right defini 
11. t cervical removed 34 da viously. Anssthesia and 
prparaion asin 2 and 10 
Ai ht t Both t 
; 2) Slight persisten small, right slightly larger 
Aorta occluded by ligature 
Pure N, for 1}’ Still slight Both — dilate, the right 
somewhat larger 
Aorta released 
1 later Maximal Right dilates to maximum, left 
after slight dilatation con- 
: tracts to a slit 
Suprarenal glands removed by abdominal route 
Air Slight persistent As before removal of the supra- 
Pure N, for 14’ None Both dilated and contracted 
together 
Isolated irides in oxygenated Ringer : 
swept out by N N Both slowly and dilate 
in 126 (etl with N.) Distinot Right dilates still , left 
0 no change 
O, passed (urethane still present) Distinet Both — but right remains 
r 
Fresh Ringer with O, None 


Exp. 12. Right sup. cerv. gang. remo rr Anssstheeia and 
with loose ligature round aorta. 


Air Slight persistent Both small, right slightly larger 
Aorta occluded 2}’ and then released 


Air Moderate Both dilate 13” after release, 
right more than left 
Pure N, for 1}’ Maximal 
Aorta occluded | 
Pure N, for 1}’ No increase Both slowly dilate together 


air 
Aorta released after 6’ Maximal in 13” Left contracts while right dilates 
maximally 
Both splanchnics cut in abdomen 
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Exp. 12 (conid). 
Paradoxical pupil 
Mixture breathed reaction State of pupils 
N, for 14’ slightly more than 
Left sup. cervical ganglion excised 
N. for 137 No inorease Both N right remaining 
Suprarenal glands excised 
N. for 1)’ No increase As before; slight difference 


Irides removed and in warm oxygenated Ringer. As before, urethane (1 in 250) 
and adrenalin (1 in millions) caused well-marked preferential dilatation of the 
denervated pupil, while replacement of O, by N, caused equal dilatation of both. 


In all these experiments, discounting the small paradox caused by 
urethane, which is clearly due to an enhanced sensitiveness of the 
denervated pupil to the drug, the paradoxical pupil reactions, accom- 
panying and following periods of deficient oxygen-supply, are seen to 
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Fig 1 (Exp. 14). 1. Normal pupils under bright and even illumination. 2. After re- 
moval of the mask at the end of 4 mins. asphyxia. 3. } min. later. 4 to 9. Pupils 
4 min. after removal of mask after breathing: 
4. Pure nitrogen for 1 min. 7. 6p.c. oxygen for 5 mins. 
5. 13 p.c. oxygen for 5 mins. 8. 5 p.c. CO, for 5 mins. 
6. 10 p.c. oxygen for 5 mins. 9. Mixture of 16-5 p.c. CO, and 17 p.c. O. 
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be dependent on the presence of the suprarenal glands with their blood 
supply and splanchnic innervation intact. It will be seen that the 
integrity of this mechanism is not to the same degree necessary for the 
production of the paradox in the unanesthetised animal. 
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Fig. 2 (Exp. 10). 1. Urethane anesthesia. Pupils with bright illumination. 2. After 
breathing pure nitrogen 14 mins. 3. Immediately after 2, air breathed. 4 and 5. 
Correspond to 2 and 3 after tying aorta and v.c.i. above renal arteries, and excision 
of suprarenals. 6 to 8. Isolated irides. 6. In oxygenated Ringer's fluid at 37° C. 
7. Nitrogen through fluid in place of oxygen. 8. Adrenalin added to make I in 
2} millions. 9. 1 grm. of urethane to 250 c. o. fluid. 


(6) Experiments on unanesthetised cats. Effects before and after dividing 
the splanchnic nerves and removing the suprarenal glands. 
Exp. 13. (See Fig. 3.) Right sup. cervical ganglion removed 33 days previously. 


Date Treatment Paradox Blood sugar / 

5. 12.18. 0. 1 in 100,000 adrenalin i. v. Definite — 
Asphyxia (mask and long tube) 4 Maximal — 
Both splanchnics cut under anzsthesia 

10. 12. 18. Control 
Asphyxia 4’ 
Mask vee 4 (normal air) one 0-096 

4. 1. 19. Oxygen 6% 4 Very small — 


Suprarenals removed under ether at noon 
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Fp. 13 (contd) 
Date Treatment Paradox Blood sugar °/, 
54 hours later. Control — 0-139 
Oxygen 6 */ 6H None 0-333 
by Moderate — 


Complete section of splanchnics confirmed post-mortem. 


In this cat the pupillary paradox caused by anoxsemia (or 3 
was reduced to a minimum by section of the splanchnics, and after 
removal of the suprarenal glands severe anoxsmia no longer caused any 
paradox, though it produced a large increase of blood sugar. 

The paradox produced by anesthetics to some extent survived the 
decapsulation. 


5 


Fig. 3 (Exp. 13). 1. Normal pupils under bright illumination. 2. Immediately after 

with mask to which 7 ft. tubing inch bore attached: 3. f min. 
after 2. 4 and 5. As 2 and 3 after division of the splanchnics. 6 and 7 after 
division of the splanchnics. 6. Immediately after 6 p.c. oxygen for 4 mins. 
7. J min. after 6. 8, 9 and 10 after removal of the suprarenals. 8. Immediately 
9. min. after 8. 10. Open ether anzsthesia for 
20 mins. 


The following experiment was the longest and most complete 
investigation made on any of the cats. 
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It will be seen that there is, in this cat, a very close correspondence 
between the production of a pupillary paradox and a rise in blood 
sugar. When the two phenomena were observed simultaneously, they 
were present and absent together. With splanchnics intact the paradox 
appeared as the result of excitement or very mild anoxemia. After they 
were cut, excitement no longer elicited a paradox, and the “threshold” 
anoxemia for this, and for increase of blood sugar, was reached by 
9-10°/, oxygen administered for five minutes. The two phenomena 
appeared, or failed to appear, together. After the suprarenals were 
removed the threshold for both was lowered still further. 8°/, oxygen 
now failed, but 6°/, oxygen was still weakly effective on the day of 
removal. On the following day even asphyxiation with pure nitrogen 
was ineffective on the pupil, though it still caused a small increase of 
blood sugar. The consistently low values for “normal” blood sugar, 
after the section of the splanchnics, is interesting as showing the absence 
of emotional hyperglycemia under these conditions. It seems evident 
that, in this cat, the blood sugar effects were largely due to adrenalin. 
The suprarenals, as might be expected, were most easily affected from 
the nervous centres through the splanchnics; but, when these were 
divided, the higher degrees of anoxemia appear to have affected the 
suprarenals directly. Finally, when the glands were removed, there was 
a small residual adrenalin-like effect, elicited only by severe anoxsemia, 
and easily exhausted. 

The next experiment was of interest chiefly as a control to the last. 
The chest was very fong and the splanchnics difficult of access. An 
attempt to divide them was found, at autopsy, to have been unsuccessful, 
an uncut filament being found on the right side, while on the left the 
major splanchnic had not been reached. For some time after the opera- 
tion the reactions seemed to indicate successful division. No paradox 
was elicited by emotion or by the lighter degrees of anoxemia. Later, 
emotional effects returned, and were as obvious as before the operation. 
The suprarenal glands were then removed, the effect being similar to 
that seen in other experiments, in which the glands were removed without 
harming the splanchnics. The blood sugar reaction was throughout 
far more sensitive than pupil paradox. This corresponded to the 
observation that a dose of adrenalin too small to affect the pupil caused 
a notable rise of blood sugar. 2 — items may be extracted 
from its record. 


n — 29844 3 2 * 
* 
» 
* 
¥ 
; 1 
rsh 
* 
a 
* 
. 
4 — 
1 
Pe. 
4 
* 


{ 


HYPERGLYCAMIA. (229 


Exp. 18. Right sup. cervical ganglion removed four days before observations began. 
1. Before splanchnic operation. 
Paradoxical pupil 


Treatment reaction Blood sugar °/, 

0 eee eve eee 
8˙ eee dee Non — 
pia 0-128 
Air — mask (excitement) . oe — 0-171 
Contro ies — 0-151 
0-1 0.0. None 0-203 

0-3 c.c. adrenalin | in 925 000 i. v. “ie Definite — 
0, 14 5° (struggles) . 4 maximal — 
2. After unsuccessful operation to divide splanchnics. 
O, 12 5 bes None 0-164 
O. 10-5 % 5 va one Doubtful 0-227 
O. 9-5 °/, Almost maximal 0-319 
A week later. 
Control . 0-092 
3 Cat much enraged at Small but definite 0-176 
3. After removal of suprarenal glands. 
O. 10 % 5’ None 0-182 
0. 8 % 5’ None 0-216 
O, 6 / 5’ None 
Pure N. 1“ — but — 
persists for 4’ 


In this, as in later experiments with intact splanchnics, anoxemia 
still causes a notable rise in the percentage of blood sugar after the 
suprarenals have been removed. Again only the severest anoxemia 
causes a paradox, and that of a weak but relatively prolonged type, 
after the suprarenals have been extirpated. 


Exp. 16. Right sup. cervical ganglion removed four days previously. 
Paradoxieal pupil 


Date Treatment Blood sugar / 
24. 3. 19 Air mask None — 
O, 12 % 5’ 
O, 14% 5’ None S 
2 
0% 14% 5 None 0-217 
2 Right sr“ poe divided. Branches from left semilunar gangli 
divided. 
31. 3. 19. Control 0-086 
Excitement and st Small but definite 0-140 
Air ae mask (quiet).. None 0-113 
12 % 5’ None 0-132 
5. 4. 19 divided under ether ‘ 
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Dp. 16 (contd), 
Date Treatment reaction Blood sugar °/, 
5 one 
O. 12 % 5’ 1 None 0-101 
O, 10 % 5’ * None 0-159 
18 % 5’ sas Doubtful 0-231 
10. 4. 19. — 0-111 
15 and 6. 17 57 None 0-188 
O. 6 % 5’ None 6 


In this cat the value of the threshold for anoxemia as 8 both 
accelerated output of adrenalin and hyperglycmmia could not be deter- 
mined before section of the splanchnics. The inhalation of air by the 
mask caused a rise in blood sugar and that of an atmosphere containing 
12% oxygen gave a semi-maximal paradox. 

After section of all the splanchnic fibres on the right side and division 
of the branches to the coeliac plexus on the left, the fibres to the left 
adrenal] remaining intact, it was still possible to elicit a paradox and to 
cause hyperglycemia by emotional excitement alone without anoxemia. 
In this case the hyperglycemia must have been wholly due to the effect 
of adrenalin upon the liver since all the fibres to the liver were divided. 

After division of the remaining splanchnic fibres to the left adrenal 
the emotional reaction was abolished and it was now possible to obtain 
a definite threshold value for anoxemia alone. The inhalation of a 
mixture containing 10% of oxygen now caused a rise of blood sugar. 
Whether this rise was due ta direct action of anoxemia on the liver 
or to the output of adrenalin in insufficient amount to cause a pupil 
reaction is doubtful. The inhalation of a mixture containing 8°/, of 
oxygen caused on one occasion a doubtful paradox. 

Some later observations were made in which the inhalation of 6% 
of oxygen failed to give any paradox and inhalation of pure nitrogen for 
three-quarters of a minute caused only a one-third maximal pupil 
reaction. 


(e) Experiments on cats in which the suprarenals were removed without 
injury to the splanchnic nerves. 

In two of the four experiments, Nos. 18 and 19, observations were 
made on the blood sugar only, and in the other two, Nos. 17 and 20, 
the previous operation of removal of the right superior cervical ganglion 
made it possible to study the pupillary changes. Only in Exp. 20 were 
careful observations made before as well as after the removal of the 
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suprarenals, At the time the observations were made the cats were 


indistinguishable from normal cats. In one. animal, Exp. 18, ~ left 
splanchnic nerves were accidentally included in a ligature. 


Erp. 17. Rt sup. cerv. gang. removed Exp. 20. Rt su Serv. gang. removed 
seven davs previously. five days 2 
Time Treatment pupil reaction 1. Before removal of suprarenals. 
3.1 p.m. Pure N,. 1’ Maximal Paradoxical Blood 
356 Suprarenals removed Treatment pupil reaction sugar 
5.59 Pure N., 11 Very small mask None 
6.12 E Well marked Vv, 16 ‘le 5 None pales 
O. 13 % 5 Very small — 
Exp. 18. Blood sugar / 11 % % Small 
4.30 Removal of suprarenals finished 0. 9 % 5’ maximal — 
ir through mask 5 None 0-113 
10.50 a.m. Control 0-089 0, 15 0 0 5’ None 0-155 
0 7 
11.10 0, 12%, 8” 0-004 208 
2. Suprarenals removed 
Erp. 19. 54 hrs. later 
12.30 Removal of suprarenals finished Control — 0-125 
4.10 Control | ont Air through mask 5’ None 0-136 
4.23 O, 10-4 us 5’ 0-134 O, 15 % 5’ None 0-150 
4.45 O, 8 % 5 0-211 O, 10-5 %% 5’ None 0-203 
6.0 Control 0-143 Next day : 
Air through mask 0-144 Control — 0-107 
O. 12 % 5’ 0-157 Air mask 5’ None 0-118 
O, 5% Small but 0-136 
distinct 
very 
tent (540 
1 hr. 
Pure N. 14’ No trace — 
(Convulsions X. 
iratory re 
respi 75 


The evidence provided by these experiments goes to show that, 
altogether apart from the action of anoxemia upon the suprarenals 
there is an effect on the liver by stimulation of the sympathetic innerva- 
tion of that organ. Either emotional excitement or anoxemia or both 
these factors together may operate in stimulating the central nervous 
system and causing the outflow of nervous impulses by way of the 
splanchnic nerves. The liver, therefore, like other organs with sympa- 
thetic innervation, has a two-fold mechanism for its stimulus in the 
performance of one function at least, the mobilisation of sugar. Anox- 
emia of moderate degree suffices for the stimulus of the central nervous 
system and the outflow of these impulses. 

There are several other points of interest. The effect of ether anes- 
thesia in causing the pupillary paradox is shown to be independent of 
the output of adrenalin. 
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Exp. 20 provides an interesting observation on the residual paradox 
in severe anoxemia. This was elicited quite definitely by the inhalation 
of 5% oxygen which gave a small but very prolonged reaction. One 
hour later, when the general condition of the animal had hardly changed, 
extreme anoxsmia, produced by the inhalation of pure nitrogen, failed 
altogether to produce any effect. The behaviour of this cat suggested 
that some substance capable of causing a paradox was produced by 
severe anoxsmia in limited amounts and that it was possible to exhaust 
the mechanism by which it was produced. A somewhat similar piece 
of evidence was provided by Exp. 14, but in that case no great stress 
can be laid upon it, since the attempt to elicit the paradox for the second 
time was made 24 hours after the last occasion on which the residual 
effect was produced, and the animal had in the meanwhile definitely 
gone down hill, and was then exhibiting some symptoms of adrenal 

Discussion or REsvtts. 

The foregoing records will have made it plain that the acceleration 
of adrenalin secretion and the hyperglycemia, caused by asphyxia, both 
depend on a complex of effects. 

Taking first the adrenalin output, I think the sii of the different 
experiments fully justify the conclusion that the paradoxical pupil 
reaction is a good index of this. It is true that there is a small, residual 
paradox to be observed even after the extirpation of the glands; but 
this is only elicited by extreme anoxemia, is relatively trivial in extent, 
and is very easily extinguished by fatigue of the mechanism producing 
it. Its characters are quite compatible with the view that it, too, may 
be due to adrenalin, set free from extra-suprarenal chromaffin tissue. 
But even if it be not so, it cannot play any part in the paradox as 
ordinarily evoked by relatively mild anoxemia. In a communication 
which has appeared only while this paper was in course of revision for 
the press, Stewart and Rogoff (1919) again challenge the soundness of 
the assumption that the paradox, as produced by asphyxia, indicates 
acceleration of adrenalin secretion. They write, with reference to my pre- 
liminary note’, “the epinephrin discharged at the ordinary rate is known 
to exert an action on the sensitized pupil and there is every reason to 
expect that asphyxia, which even according to Kellaway causes some 
dilatation in the absence of the adrenals, will increase the reactivity of 
the pupil to this ordinary output.” The phrase oT reason to expect” 
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does not appear to have any definite significance. I have attempted, 
with the isolated iris, to find evidence for an effect of this kind, the 
possibility of which I had considered. Lack of oxygen has no preferential 
effect on the denervated iris in vitro, nor does it accentuate the difference 
between the reactions to adrenalin of the denervated and normal pupils, 
when isolated in Ringer’s solution. The clear and logical conclusion 
from the effects seen on the animal with sensitised pupil, but otherwise 
normal, is that which all observers, except Stewart and his colleagues, 
have drawn from it. The failure of the latter to demonstrate the 
acceleration of adrenalin secretion by asphyxia in urethanised and 
eviscerated cats, by testing blood from the vena cava “pocket” on 
isolated plain muscle, can only be regarded as evidence of the failure 
of the phenomenon under the conditions of their experiment. 

Assuming, then, that the paradoxical reaction has this significance, 
my experiments make it clear, in the first place, that the effective factor. 
in asphyxia is the lack of oxygen, rather than excess of carbon dioxide. 
High percentages of carbon dioxide produce an effect, but it is difficult 
to dissociate this from that due to the concurrent anoxemia. 

The anoxsemia affects the suprarenal glands mainly by its stimulating 
action on the central nervous system, through the splanchnic nerves; 
when the splanchnics are cut, anoxemia of greater severity is still 
capable of affecting the glands directly ; when the suprarenal glands are 
removed, extreme anoxemia still causes the production, from some 
source, of a substance causing a weak paradox. The effect, however, 


fails after it has been once or twice elicited. 


When the splanchnics are intact the effect of anoxemia is com- 
plicated by that of emotional excitement. Occasionally the mere applica- 
tion of the mask will cause the paradoxical reaction, but this is an 
irregular effect. When the administration of air but little diluted with 
nitrogen causes the paradox, it is not possible to dissociate the effects 
of anoxemia from that of excitement due to other causes. Probably 
the two kinds of central stimulation reinforce one another. The signi- 
ficance of this for the physiology of the air-pilot, flying at high altitudes, 
needs no elaboration here. | 

The production of hyperglycemia by asphyxia is a still more com- 
plex phenomenon. That the accelerated adrenalin secretion plays a 
part in its production is certain, since quantities of adrenalin too small 
to cause the pupil-paradox cause a definite increase of the blood sugar. 
In rare cases the two phenomena show a surprising parallelism, as in 
Exp. 14. Usually, however, the sugar content of the blood is far more 
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sensitive to anoxemia, or to other influences stimulating the nerve 
centres, than the sensitised pupil. This cannot wholly be attributed to 
changes of adrenalin output subliminal for the pupil-reaction. The 


effect of cutting the splanchnics on the two types of reaction is similar; 


on the other hand, extirpation of the glands, leaving the splanchnics 
intact, while practically abolishing the paradox, leaves the sugar response 
relatively little affected. When the nerves are cut and the glands also 
removed, deep anoxemia still mobilises sugar in many cases. 

It seems clear, then, that the production of sugar from the liver by 
asphyxia can be effected in a number of different ways: 

1. By stimulation of the central nervous system: (a) By impulses 
reaching the liver cells directly through the splanchnic nerves; (b) By 
adrenalin secreted in response to impulses through the splanchnic nerves. 

2. By adrenalin secreted in response to direct action of severe 
anoxsmia on the suprarenal medulla. 

3. By direct action of anoxemia on the liver cells. 

In this respect the glycogenic function of the liver cells differs not 
at all from the function of other types of cell innervated from the 
sympathetic system. All can be stimulated by impulses in the sym- 
pathetic nerves, by an acceleration of the normal rate of adrenalin 
secretion, or by direct effects of anoxemia, as produced by occluding 


the artery supplying the organ. 


1. The accelerated secretion of adrenalin and increase of blood sugar, 
caused by asphyxia, are mainly due to lack of oxygen, excess of CO, 
playing at most a subsidiary part. 

2. In both cases the main effects, in anoxemia of ordinary severity, 
are due to action on the central nervous system, the splanchnic nerves 
providing the path of impulses. 

3. When the splanchnics are cut severe anoxemia still elicits both 
effects by peripheral action. 

4. The increase of blood sugar is only in part caused by the 
accelerated output of adrenalin. 


I desire to express my indebtedness to the Medical Research Com- 
mittee for the facilities given me to carry out this work in their Bio- 
chemical Department. I have to thank Miss F. M. Durham for help 
with some of the experiments, and especially Dr Dale, in whose labora- 
tory the work was done. Dr Dale performed for me all the operations 
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from which recovery was permitted, and has given me help and advice 
throughout. 
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CARBOHYDRATE METABOLISM IN DUCKS. 
By G. B. FLEMING. 


(From the Physiology Department, University of Glasgow.) 


Tux following investigation was undertaken in the attempt to throw 
light on the seat of the metabolic error in diabetes mellitus. Although 
we know various means by which glycosuria can be produced in animals, 
we have little definite knowledge regarding the modus operandi of these 


measures. Nevertheless from the available facts it seems fairly certain 


that the error can be ascribed to one of the following processes of meta- 
bolism: (1) Defective storing of glycogen in the liver; (2) Too rapid 
conversion of glycogen or proteins into glucose; (3) Defective oxidation 
of carbohydrate in the tissues. In short the question resolves itself into 
whether the fault lies in the liver or the tissues. 

Until about the year 1909 the general weight of opinion was in favour 
of the view that the defective process consisted in the inability of the 
tissues to burn carbohydrate, but von Noorden(5) and others working 
in conjunction with him produced evidence that it was the liver that 
was at fault. More recently Starling(6) has shown that no difference 
in the utilisation of carbohydrates can be detected in the excised hearts 
of diabetic and normal dogs. 

Clearly the best method of deciding whether the liver is at fault 
would be to excise that organ in animals previously rendered diabetic 
and then to see whether the tissues could utilise carbohydrate. In 
mammals excision of the liver is, unfortunately, such a difficult and 
dangerous operation that it is almost certain that any resylts obtained 
are open to the objection that the animals are moribund before the tests 
as to whether the tissues are utilising carbohydrate can be applied. 
In ducks, however, the portal veins can be ligatured near the liver and 
the blood diverted through the vein of Jacobsen into the systemic 
circulation. It was thought that in these birds, after eliminating the 
hepatic functions by obstructing the portal circulation through the 
liver and rendering them diabetic, evidence might be obtained regarding 
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the behaviour of the tissues to carbohydrate. But before this could be 
done it was essential to prove that the carbohydrate metabolism of these 
birds is similar to that of mammals. 

It is well known that protein metabolism is carried on differently 
in birds and mammals. For example, in birds nitrogen is excreted 
chiefly in the form of uric acid and instead of creatinin being a constant 
constituent of the urine creatin seems to take its place. Contradictory 
results have been obtained regarding the regulation of carbohydrate 
metabolism. Nos Paton(7) found that excision of the pancreas in 
ducks did not produce glycosuria, while Kausch(4) found that hyper- 
glycemia was constantly present in ducks in which the pancreas had 
been completely excised. According to Nosl Paton the injection of 
adrenalin does not always lead to glycosuria though in some cases sugar 
is detected in the urine. In view of these conflicting results it was evident 
that if ducks were to be used to investigate the site of the metabolic 
error in diabetes mellitus, their carbohydrate metabolism must first be 
proved to be analogous to that of mammals. 


I. Experiments to show that the carbohydrate metabolism is alike 
in birds and mammals. 

‘The quantity of sugar in the blood is a more reliable guide to disturb- 
ances of carbohydrate metabolism than the quantity of sugar in the 
urine, and this is especially true in birds since they seem able to retain 
larger quantities of sugar in the blood without the occurrence of glyco- 
suria than js the case in mammals. In my experiments the birds employed 
were for the most part ducks but on a few occasions geese were used. 
The pancreas of these birds lies in the loop of intestine formed by the 
duodenum. It is supplied by the blood vessels which also supply the 
duodenum and these vessels run through the substance of the gland. 
Consequently it is a matter of great difficulty to remove the pancreas 
without impairing the blood supply to the duodenum. Noel Paton 
dissected the pancreas from the blood vessels with special forceps, 
while Kausch removed the duodenum and pancreas en masse. I have 
tried both these methods and, as the results show, the latter is by far 
the more satisfactory. 

In all the experiments the urine was collected uncontaminated with 
feces by making an artificial anus in the lower part of the animal's 
intestine and closing the distal end of gut so that feces passed through 
the artificial opening and urine alone through the cloaca. 

The blood sugar was estimated 36-48 hours after the operation. 
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From 20-30 C. c. of blood were drawn off into a vessel containing oxalate 


solution; the proteins were removed by Schenck’s(10) method and the 
sugar estimated by the Pflüger Alhin gravimetric method. : 


(a) The normal sugar content. In normal ducks the average percentage 


of glucose in the blood was found to be 0-075 (Table I). 

(b) The effect of excising the pancreas on the blood sugar. In three 
birds from which the pancreas had been removed by Noél Paton’s 
method, the average percentage of sugar in the blood was 0-094 (Table 
II), that is, only slightly above the normal figure. In six ducks from 
which the pancreas and duodenum were removed en masse, the average 
percentage of sugar in the blood was 0-272 (Table III). In only one 
case did sugar appear in the urine. | 


Percentage of sugar in blood of ducks. 


Tanz I. Taste II. Taste III. TAL IV. 

Normal Partial excision Excision of Injection of 2 c.c. 
ducks of pancreas pancreas and duodenum I p.c. 

Exp. p-c. Exp. p. e. Exp. p. o. Exp. p. o. 
1 ... 090 Goose. 069 18. 328 286 
2 — 096 16... 225 22 ... -258* 
3 — “061 14. 102 
44. 05 — 18 ... 202 24 ‘184 
... Average -004 19. 33 Goose 296 
6 -... 062 20 ... 201 25... 221 
7 075 — 
8 ... 063 Average -272 Average -235 
9 .. O71 
10 -098 
1. 06 
12 117 

12, 

or, exc 

which is a 
Mean is 07 


* Partial pancreatectomy. 


From these results it seems clear that the removal of the pancreas 
in the duck produces hyperglycemia quite comparable to that produced 
in mammals by a similar procedure. In ducks, however, hyperglycemia 
does not seem to lead to glycosuria as readily as it does in mammals. 


The possibility that removal of the duodenum might have some 


effect on the quantity of sugar in the blood was taken into consideration 
and in one duck the duodenum alone was removed; in this case the sugar 
of the blood was found to be 0-095 %, a figure which was reached i in 
some of the normal ducks (Table I). 
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blood. It is well known that in mammals injection of adrenalin produces 
hyperglycemia and glycosuria. In five ducks and in one goose this was 
also found to occur. Two c.c. of 1/1000 adrenalin (Parke Davis) were 
injected subcutaneously. Within an hour of the injection blood was 


drawn off, and in all the experiments it was found to contain excessive 


quantities of sugar. In three normal ducks and in one goose after 
injecting adrenalin the blood sugar averaged 0-246°/,; in two ducks 
which had had their pancreas incompletely removed it was 0-258°/, and 
0-167 /. The average amount of sugar in the blood in these six experi- 
ments was 0-235 % (Table IV). Glycosuria was present in three cases. 

From these experiments it is clear that both removal of the pancreas 
and injection of adrenalin affect the carbohydrate metabolism of birds 
and mammals in the same way. 


II. The utilisation of carbohydrate as indicated by the respiratory 

exchange in birds. | 

Having demonstrated that hyperglycemia can be produced in birds’ 
by the injection of adrenalin and by excision of the pancreas, the next 
step was to find out in what way these procedures affected the carbo- 
hydrate metabolism in the tissues. If carbohydrate be utilised in the 
tissues the respiratory quotient is high (about 1), while if protein or fat 
be used it is low (between 0-7 and 0-8). Thus by determining the respira- 
tory exchange it is possible to decide whether carbohydrates or proteins 
or fats are being utilised. 

‘ Hyperglycemia may be produced in three ways: (I) by defective 
storage in the carbohydrate storehouses (the liver); (2) by excessive 
production of glucose from protein and possibly from fat; (3) by 
defective combustion of glucose. 

In the first case the respiratory quotient will be high because the 
tissues will be able to utilise the carbohydrate which is being supplied 
to them in abundance. In the second it will be low because the process 
of converting proteins or possibly fats into carbohydrate will require 
oxygen and although it will be glucose that is being burned in the tissues 
this glucose will have been manufactured from proteins and fats. In 
the third case it will be low because the metabolism will be carried on 
at the expense of proteins and fats. 

In this series of experiments the respiratory exchange was first 
estimated in normal ducks that had recently been fed, second in ducks 
that had not been fed for about 20 hours, third in fasting ducks before 
and after the injection of adrenalin, fourth in fasting ducks after excision 
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of the pancreas, fifth in ducks which had had their pancreas excised 
and which had subsequently been fed on glucose, sixth in fasting ducks 
whose portal veins had been tied, seventh in fasting ducks after excision 
of the pancreas and ligature of the portal veins. : 

All the experiments on the respiratory exchange were performed 
by Haldane’s(@) method. This method consists in estimating the 
quantity of CO, and H, O given off by the animal supplied with air which 
has been freed from CO, and water. The oxygen utilised is estimated 
by weighing the animal before and after the experiment and subtracting 
the loss of weight of the animal from the weight of CO, and water 
exhaled. The air was drawn through the apparatus at a rate of about 
600 litres per hour: For a few minutes before the commencement of 
each experiment, dry air was passed through the box with the animal 
im situ in order to bring the air in the apparatus to a constant com- 
position. 

The respiratory exchange in normal ducks. It will be seen from Table 
VI that in fasting animals the respiratory quotient is low while if the 
‘animal has recently been fed the respiratory quotient approaches unity 
(Table V). The ducks were fed on a mixture of maize and oat-meal. 


Tam v. The respiratory exchange in ducks that have been recently fed. 


co, O. 
Per per 
Exp. per kilo per kilo R.Q. ; 
1 2-56 2-13 -87 Fed 3 hours before experiment. 
2 1-89 1-44 95 
3 3-07 2-64 84 75 
4 4-07 2-77 1-06 ” 1 ” 55 
6 2˙2 1-87 85 
Average 3-01 2-30 93 


These results show that the respiratory exchange in ducks is influenced 
by the diet in the same way as it is in mammals. 


The respiratory exchange after hyperglycemia had been produced by 


the injection of adrenalin. In each experiment the respiratory quotient 


was first estimated in the normal fasting duck. This part of the experi- 
ment was usually done between 11 a.m. and 1 p.m. In the afternoon 
between 2 and 4 o’clock, 2 c. c. adrenalin solution (1/1000) were injected 
and the respiratory exchange was immediately determined. Each 
experiment lasted about 45 minutes. From Table VI it will be seen 
that after adrenalin the respiratory quotient was raised and that there 
was as a rule a slight increase in CO, output and a slight diminution in 
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‘the O, intake as compared with the figures obtained in the fasting 


animal immediately before the injection of adrenalin. The conclusion 
to be drawn from these experiments seems to be that within three- 
quarters of an hour after injecting adrenalin the power of the tissues 
to burn carbohydrate is in no way impaired. 

The results obtained by various other workers in this field have been 
somewhat contradictory. Falta and Bernstein( and2) found that in 
man the respiratory quotient was at first increased after giving adrenalin — 
but within twenty minutes it fell to normal. The CO, output and the 


Taste VI. The respiratory e in fasting ducks before and after the 


injection of 
Fasting Fasting after adrenalin 
CO, gi 0. gms. 0, 
per Per hour Per per hour 
Exp. per kilo per kilo R. C. per kilo per kilo R. G 
7 3-47 3-46 72 2-98 2-76 78 
8 3-71 3-55 76 3-16 2-46 93 
9 3˙5 3-43 74 2-65 1-95 99 
10 1-76 1-76 72 1-84 1-60 83 
11 1-86 1-86 72 1-68 1-50 81 
12 2-71 2-85 68 3-35 3-18 76 
13 2-81 3-10 66 2-90 2-76 76 
14 221 2-12 75 3-12 2-71 83 
15 1-92 1-77 78 2-54 2-1 88 
16 1-90 2-0. 69 1-99 1-70 “84 
Average 2-59 2-59 72 262 2-29 84 
Taste VII. The respiratory exchange in fasting ducks after injection 
of adrenalin solution. 
Adrenalin 
Fasting First half hour Second half hour 
CO, gms. 0 CO, gms. 0 CO, gms. 0 
per hour per our per hour — — per per 
Exp. per kilo per kilo R. Q. per kilo per R. per kilo per kilo R. C. 
17 2-42 233 73 2-54 1-83 10 2-34 2-05 82 
18 1-94 192 74 2-23 1-78 91 2-31 2-19 76 


Average 2-18 212 74 2-38 1-80 95 2-32 2-13 79 
Os intake were both increased but the former began to fall after about 
five minutes. In two experiments I estimated the respiratory exchange 
after injecting adrenalin in two periods of half an hour each; the results 
are shown in Table VII. It will be seen that there was a distinct fall 
in the respiratory quotient during the second half hour period. The 
results obtained by Wilenko(11) after injecting adrenalin into rabbits 
are apparently in opposition to those obtamed by Falta and Bern- 
stein and myself. He found that the respiratory quotient was low even 
when glucose was given with the adrenalin. Wilenko, however, did 
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not estimate the respiratory exchange till one or two hours after he had 
injected adrenalin and, as shown by Falta and Bernstein and myself 
(Table VII), the respiratory quotient falls rapidly after the initial rise. 
This accounts for his low readings. 


Taste VIII. 


Exp. 
2⁵ 80 91 Glucose given by rectum 
26 “79 90 duoden 
27 -79 1-07 ” ” ” 
28 “71 80 ” ” ” 
29 80 “85 ” ” ” 
Average 777 90 


The explanation of the rise in the respiratory quotient after adrenalin 
is not altogether clear. We know that hyperglycemia is produced, but 
the increase in the quantity of sugar in the blood lasts longer than the 
rise in the respiratory quotient. If there was no impairment of the 
glycolytic power of the tissues we should expect the rise in the respiratory 
quotient and increase in the quantity of sugar in the blood to be syn- 
chronous. Possibly adrenalin has a double action. It may mobilise 
carbohydrate and also inhibit the pancreatic internal secretion. If this 
were so it is possible that at first the excessive carbohydrate in the 
blood might be in part oxidised in the presence of the pancreatic internal 
secretion already in the blood, but later, as the pancreatic internal 
secretion failed the tissues would be unable to utilise the carbohydrate 
circulating in the blood and the respiratory quotient would fall in spite 
of the existence of hyperglycemia. 

Cause of the low respiratory quotient in diabetes. The concluding 
| experiments in this investigation were carried out with the object of 
determining whether the low respiratory quotient always found in 
diabetes mellitus is due to defective combustion of carbohydrate in the 
tissues or to an abnormal activity of the liver causing excessive formation 
of carbohydrate from protein and possibly fat. Until recently it has 
been taken for granted that the low respiratory quotient in diabetes 
mellitus indicates defective combustion of carbohydrate in the tissues. 
Within the last few years, however, opinion has begun to veer round 
to the other alternative, namely that hyperglycemia and glycosuria 
may be due to abnormal processes in the liver causing excessive conver- 
sion of protein and fat into sugar. The experiments of Porges and 
Soloman(é) support this view. These workers estimated the respiratory 
exchange in animals whose livers had been.excluded from the circulation. 
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This was done by ligaturing the aorta, the inferior vena cava, the hepatic 
and the portal veins. They found that the respiratory quotient was 
high although the animals had been fasting for some time. They next 
tried similar experiments on dogs which had previously been rendered 
diabetic by removal of the pancreas; again the respiratory quotient 
was found to be high. Interesting though these experiments are they 
are open to the criticism that the animals were more dead than alive 
when the respiratory exchange was determined and results obtained 
under such circumstances cannot be accepted as conclusive. Some 
time before Porges and Soloman carried out their work Scaffidi@) 


estimated the respiratory exchange in ducks after ligaturing the portal 


veins. He found a slight rise in the respiratory quotient: but again 


in these experiments the results are open to doubt, since the animals 
lived some weeks after the operation and on post mortem examination, 
collateral circulation was found to have developed. In my experience, 
if the portal circulation is completely obstructed, ducks only live twenty 
to thirty hours. Scaffidi states that he tied the portal vein and two 
veins running between the stomach and the liver, but there are numerous 
veins not only between the stomach and the liver but also between the 
lower part of the cesophagus and the liver, and in addition there are 
vascular connections in the peritoneal bands between the thoracic walls 
and the liver. To cut the portal circulation completely off from the 
liver all these connections must be severed. Moreover in many of 
Scaffidi’s experiments the animals were not fasting. In their most 
recent experiments Starling and his co-workers failed to find any 
difference in the utilisation of sugar between the excised diabetic and 
normal heart. These conclusions so far as they go favour the view that 
the metabolic disturbance in diabetes mellitus is not in the muscles, 
and support von Noorden and his pupils in the suggestion that the 
error lies in the hepatic functions. 


III. The respiratory exchange after ligature of the portal veins. 

I have endeavoured to determine whether tying the portal vein in 
ducks which are otherwise normal raises the respiratory quotient. 
The fortunate circumstance that in these birds the portal blood can be 
diverted into the general circulation through the vein of Jacobsen 


allowed the respiratory experiments to be carried on with them in 


a fairly satisfactory condition, thus obviating the fallacies of Porges’ 
experiments, and by taking the utmost care that all the portal veins were 
ligatured the fallacy of incomplete exclusion of the portal blood from 
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the liver was as far as possible avoided. The ducks as a rule were 
operated on about 10 a.m, and the respiratory experiments carried out 
at about 3"p.m. on the same day. This gave ample time for them 
to recover from the anesthetic; it was usually found that, within an 
hour of the operation they were standing up in the cage, seemingly 
quite comfortable. The ducks were anesthetised with ether; the 
abdomen was opened, the portal vein exposed and ligatured between 
the vein of Jacobsen and the liver. The bile ducts were not included 
in the ligature. The vessels between the stomach and csophagus and 
the left lobe of the liver were then tied and the bands of peritoneum 
between the parietes and the liver divided. The abdomen was then 
closed. 


“Taste IX. The respiratory exchange in ducks after removal of the panoreas. 


Fasting After glucose by the duodenum 
CO, gms. 0 00 ‘gms. 0 
per our per — per hour per 
Exp. per kilo per kilo R. O. per kilo per kilo R. O. 
30 1-9 1-91 72 — — — 
31 1-75 168 ‘71 2-11 2-01 76 
Tam X. The respiratory exchange in ducks after ligature of the portal veins. 
00, 0, 
per per hour 
Exp. per kilo per kilo R. O. 
19 1-91 2-11 65 
20 2-26 2-52 65 
21 1-73 2-02 62 
22 1-04 1-25 60 
23 1-89 1-90 72 
24 1-75 181 ‘70 
Average 1-76 1-93 65 


co, 0, 

— — — 
Exp. per kilo per kilo R. C. 
32 1-35 1-30 75 
33 1-80 1-94 67 
34 1-33 1-51 64 
35 1-21 1-07 82 
Average 1-42 1-45 72 


In Table X the results of six experiments are recorded. It will be 
seen that the average output of CO, and intake of oxygen per kilo 
per hour is low as compared with the normal fasting duck (Table VI) 
and also that the respiratory quotient is slightly lower than normal. 


4 
7 Taste XI. The respiratory exchange in ducks after removal of . 
4 the pancreas and ligature of the portal veins. 
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In a few cases when the animals were obviously very ill very low respira- 
tory quotients were obtained and the intake of oxygen and output of 
CO, were also abnormally low. These results have not been recorded 
as the animals were clearly not in a condition to give a fair idea of the 
respiratory exchange. 


IV. The respiratory exchange after combined excision of the pancreas and 
ligature of the portal veins. 

Before determining the respiratory exchange after this combined 
operation, it was thought advisable to find whether excision of the 
pancreas alone influences the respiratory exchange. It is well known 
that in mammals the hyperglycemia resulting from excision of the 
pancreas does not lead to a rise in the respiratory quotient even if 
carbohydrate be given in the diet. In two ducks after removal of the 


3 pancreas I found the tespiratory quotient to be low, and in one of them 


in which I performed a second respiratory experiment after running 
8 gm. of glucose in solution into the peripheral part of the duodenum 
the respiratory quotient was still low (Table IT). To make sure that 
glucose administered in this way caused a rise in the respiratory quotient 
in normal ducks, an artificial opening was made into the duodenum in 
five ducks and 8 gm. of glucose dissolved in water was run into each. 
The respiratory quotient was determined before and after the glucose 
was given. It will be seen (Table VIII) that in each case the respiratory 
quotient rose after the administration of glucose. Unfortunately the 
records of the duration of the respiratory experiments were lost so it ir 
impossible to give the oxygen and CO, in grams per kilo per hour. 

In four cases in which the pancreas was removed and the portal veins 
ligatured the respiratory quotient was found to be low, average 0-72 
(Table XI). This is higher than in the cases where the portal veins alone 
were ligatured but none the less it — a metabolism in which fats 
are being utilised and not carbohydrates. These results point to the 
conclusion that in pancreas diabetes the liver is not the organ where 
the disturbed metabolic processes hold sway but that the fault lies in 
the power of the tissues to utilise carbohydrate. 


ConCLUSIONS. 
1. In ducks the respiratory exchange is influenced by the diet in 
the same way as it is in mammals. 
2. In ducks the injection of adrenglin or removal of the pancreas 
produces hyperglycemia. 
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3. Within half an hour of the injection of adrenalin the respiratory 
quotient is raised and during the next half hour it falls. 

4. The rise in the respiratory quotient after the injection of adrenalin 
in the fasting animal indicates that there is a mobilisation of carbo- 
hydrate but the persistence of hyperglycemia after the respiratory 
quotient has fallen suggests that adrenalin may cause inhibition of the 
pancreatic internal secretion. 

5. Neither ligature of the portal veins, nor excision of the pancreas, 
nor the combination of these procedures causes a rise in the respiratory 
quotient, even when glucose is administered. 

6. The evidence indicates that in pancreatic diabetes the tissues 
are unable to utilise carbohydrate rather than that the liver is the sole 
seat of the metabolic error. 
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ACTION OF SUBSTANCES, INFLUENCING THE 
CARBOHYDRATE METABOLISM, IN EXPERI. 
MENTAL BERIBERI'. By CASIMIR FUNK. 


THE large number of animal experiments, undertaken in the last six 
years by Osborne and Mendel, McCollum, Hess and Harden, gave 
us very satisfactory information regarding the content of foods or food 
mixtures of the three, so far identified, vitamines, namely the anti- 
beriberi, antiscorbutic and antirachitic vitamines. 

These data, however important from the practical viewpoint of nu- 
trition, did not contribute to our better understanding of the physio- 
logical réle of these substances so important in the animal body. The 
investigations which dealt with the physiology of the anti-beriberi 
vitamine were undertaken from the chemical, pathological, pharmaco- 
logical and nutritional viewpoint and might be summarised here. 

The investigations in this direction were originated by Schaumann d) 
who has compared the phosphorus content in the brains of beriberi 
pigeons with normal birds, but he was unable to detect any differences. 
Casimir Funke) has examined both the nitrogen and phosphorus 
contents and has found both elements greatly diminished in beriberi, a 
result which has been fully corroborated by Mathilde Koch and 
Voegtling). Wechuizen, Alting, de Langen and Schut(4) have 
examined blood of beriberi patients and have found the fat content far 
below normal. They also have reported the interesting fact, that people 
suffering from hookworm disease seem to escape beriberi. In these 
patients the fat content of the blood was found abnormally high. If 
this observation is correct, it may lead to further interesting facts. 
Finally Casimir Funk and v. Schönborn) have investigated the 
blood sugar and the glycogen content of the liver in pigeons fed on 
different synthetical, vitamine-free diets. They came to the conclusion 
that the sugar is greatly increased in blood and the glycogen diminished, 
the latter especially on certain diets. 

The pathological investigations have centred especially on the in- 


1 This paper was finished in 1916, but was not published on account of war conditions. 
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quiry, whether vitamines of the food could be connected with the secre- 
tions of endocrine glands. parative histological studies of these 
glands in normal and beri pigeons were made by Funk and 
Douglas. The glands and organs which were investigated were 
thymus, pituitary, thyroid, suprarenals, ovary, testicles, kidney, liver, 
pancreas and spleen and the results were described as follows, The 
organs were found atrophied in almost all cases, especially was this 
marked in the case of thymus gland, which was found entirely missing 
on macroscopical examination, and in the sexual organs. These results 
were almost entirely corroborated and extended by the interesting 
studies of McCarrison(7) who has found that all organs, including the 
intestinal tract, undergo a far-reaching atrophy with the exception of 
suprarenals, which show a marked hypertrophy. This fact, which has 
unfortunately been overlooked by my pathological partner, has un- 
doubtedly an important bearing on the explanation of the chemical data 
presented by Funk and v. Schénborn on the blood sugar increase 
in pigeons suffering from beriberi. 
| Physiological and pharmacological experiments were performed re- 
cently by Uhlmann) using commercial vitamine preparations. The 
results would be very important, if one could know more about the purity 
of the preparations used. Extracts of the above kind contain usually 
substances like, for instance, choline, capable of powerful pharmaco- 
logical action. It is to be regretted that the substance isolated by 
Casimir Funk() and which, in spite of repeated recrystallisations, 
has shown a constancy of melting point, usually taken as standard 
of chemical purity; possesses a very pronounced curative action for 
avian beriberi, was not investigated pharmacologically, According to 
Uhlmann vitamines are tonus regulators throughout the whole body. 
They stimulate the secretions of saliva, gastric juice, bile and pancreatic 
juice, the action being apparently exerted through the parasympathetic 
terminals, as the action was inhibited by atropine and not influenced by 
the section of the nerves. The vitamines exerted a stimulating effect 
on the isolated intestine, also on the intestine in situ; vitamines have in 
large dilution a negative ino- and chronotropic action on the frog’s 
heart, an action confirmed in experiments on the mammalian heart by 
UhImann(0). In the gastrocnemius of the frog they produced tetanic 
convulsions of long duration. The action of vitamines according to 
Uhlmann resembles but is not identical with the action of choline 


and pilocarpine. Jansen d) in his experiments came to the conclusion 
that vitamine is not identical with secretin. 
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Feeding experiments undertaken with the intention to throw light 
on the physiological réle of anti-beriberi vitamine in the body originated 
from the experiments of Abderhalden and La mpë da. They claimed 
that feeding with cooked rice delayed the onset of beriberi symptoms, 
an observation which was regarded at that time to be in favour of the 
toxic theory of beriberi. On repeating the experiments of the above 
investigators Casimir Funk) has found that this result was due 
solely to the fact that, cooked rice being bulkier, the amounts of rice 
given differed enormously from the quantity of raw rice given to the 
control animals. The experiments which were made on pigeons estab- 
lished the fact, that birds which received the largest amounts of rice 
developed beriberi first, the other animals on smaller amounts of rice 
in proportion to the amount of rice given. This initial result, which 
was soon afterwards corroborated by Braddon and Cooper(i4), con- 
stituted rather @ crude experiment, as the amount of rice eaten does not 
necessarily mean the same amount of rice utilised and metabolised. 
Another difficulty in working with pigeons and fowls as experimental 
animals, is that they get rid of the excess of rice, deposited in the crop, and 
this whether they are fed forcibly or voluntarily, This somewhat upsets 
the calculation of the weight of the rice eaten. Recently Vedder(s) 
has criticised these results after feeding fowls on varying amounts of 
rice, He came to the conclusion that in the experiments of Funk and 
also of Braddon and Cooper the determining factor was overfeeding 
and that the anti-beriberi vitamine is not concerned in carbohydrate 
metabolism. The experiments of Vedder are not as conclusive as they 
seem at first sight, and the problem being of great theoretical and 
practical importance they have to be discussed at length. Vedder per- 
formed the following five experiments. First he took 11 fowls varying 
in weight from 1800 to 3800 g. and fed them with rice on a voluntary 
basis, the rice remaining in the cages being weighed daily. The occur- 
rence of beriberi had no relationship to the amount of rice eaten. In 
view however of the variations of age and energy requirement of these 
animals, and in view of the fact that the experiment was performed 
with five and six animals in two different months with a possibility of 
difference in external temperature, the experiment was entirely incon- 
clusive, In the second experiment he took 12 fowls of average weight of 
1200 g. and fed them forcibly with 100, 50, and 25 g. rice daily. If we even 
agree with Vedder that the fowls on 100 g. of rice died of overfeeding 
and we take the other two series only into consideration, the fowls on 
50 g. of rice developed beriberi after 20 days, those on 25 g. much later, 


4 
q 
é 
=) 
a 
* 
4 
4 
8 


250 


which in reality corroborates the resüllts of the earlier workers. In a 
third experiment Vedder fed fowls with 150, 75 and 50 g. of unpolished 
rice (instead of polished) and his own results directly contradict his 
statements as the fowls on 75, and 50g. of unpolished rice remained in 
good health and did not die as the result of overfeeding, as the case was 
supposed to be on polished rice. In the fourth experiment he fed fowls 
on sterilised meat and egg and the delay in appearance of the symptoms 
of the disease clearly indicated that the eggs contained some vitamine 
and meat still more of it. Vedder makes the logical mistake that if 
the food contained no carbohydrates then the outbreak of beriberi proves 
that the vitamine is not concerned in the carbohydrate metabolism. 
This is of course wrong, as proteins, fats and carbohydrates are con- 
verted into glycogen, so that the existing differences can only be of a 
quantitative nature. If in the above experiment the diet were really 
vitamine-free the delay observed would be the best proof for my views. 
In the fifth and final experiment the birds were fed with egg and meat 
(sterilised) in addition to polished 1ice. Should vitamine be concerned 
in carbohydrate metabolism, the fowls would develop beriberi earlier 
than those on egg and meat alone. The eggs which consisted of white 
and yolk were not sufficiently sterilised as his results proved and the 
amount of vitamine which remained intact might have been sufficient 
for 25 g. of rice. In spite of the fact that meat and egg was sup- 
posed to be the same as in the fourth experiment (which is doubtful 
as fowls on 50g. egg developed beriberi in Exp. 4 after 61 davs, in 
Exp. 5 on 25 g. not at all), the fact that Vedder at the beginning of 
his paper says that the experiments were only planned by him but not 
actually supervised, and that the vitamine content of egg and meat in 
Exps. 4 and 5 was actually unknown, diminishes the value of his argu- 
ments. 

As starved animals do not develop beriberi, the activities of the food 
digestion and assimilation must be the determining reason for the onset 
of the disease. Casimir Funk ade) has found also that feeding on ex- 
treme quantities of rice would have no value. The rice quantities of 
5, 10 and 20g. were well within the limits of pigeons’ food capacity. 
Vedder also overlooked the experiment in which pigeons were fed on 
an artificial food mixture, consisting of caseinogen, starch, lard, sugar 
and salts. The quantity of the food given was 12-5 g. daily, but varied 
only in the proportions of the constituents. The onset of beriberi was 
in close agreement with the physiological interrelations of the different 
food constituents. Pigeons on food containing a larger proportion of 
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starch developed beriberi in 24 days, on sugar 28, on caseinogen 30 and 
on lard 40 days. One can see from the above experiment that using 
exacter methods of feeding, the results indicate that vitamine is con- 
cerned in the carbohydrate metabolism. The increase in blood sugar in 
avian beriberi, found by Funk and v. Schönborn, further substan- 
tiates these views, especially in the light of McCarrison’s recent patho- 
logical finding of hypertrophy of suprarenals, associated in all likelihood 
with an increased adrenaline production. 

In the present communication a number of substances, known to 
influence the carbohydrate metabolism, were tried on normal pigeons 
(as the action of these substances is not as well known in birds as it is 
in mammals) and on pigeons fed on polished rice. The substances in- 
vestigated were glucose, adrenaline, pituitrin, thyroid and parathyroid 
glands. It has to be mentioned that recently Dutcher«7) has found 
that desiccated thyroid gland as well as the thyroxin isolated from this 
gland by Kendall possess slight curative action in beriberi of pigeons. 
From his experimental data one gains the impression that the action 
was more of a temporary stimulation than a real cure. 

The above-mentioned substances were usually injected and the effect 
on the blood sugar, glycogen in the liver and blood amino-nitrogen in- 
vestigated. The same substances were also given to pigeons fed on rice, 
using proper controls, and the onset of symptoms and time of death noted. 

Each of the substances to be tested was administered to pigeons on 
normal food (serving as controls) and to pigeons fed on polished rice 
for several days, after which the animals were bled from the heart by | 
means of a cannula under A. O. B. anesthesia. The liver was removed as 
quickly as possible and glycogen estimation made by the usual method 
with a final sugar titration according to Bertrand. The oxalated blood 
which amounted as a rule to 20 g. was diluted with water, to produce 
hemolysis, and the blood proteins precipitated according to the method 
of Lewis and Benedict ds) with a saturated picric acid solution. In 
an aliquot part of the filtrate the sugar was determined, following 
Lewis and Benedict. It was considered advisable to use two different 
sugar estimation methods for a better contro]. For this reason the bulk 
of the filtrate was measured, evaporated in vacuo, and the residue trans- 
ferred to a 25 C. 0. measuring flask. On 20c.c. of this liquid a sugar 
estimation according to the method of Bertrand was made and on 
another o.. an amino-nitrogen determination in a micro van Slyke 
apparatus was made. By means of proper controls, using other protein 
precipitating reagents, like colloidal iron solution on the one hand, and 
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phosphotungstic-hydrochloric acid solution on the other hand, it was 
ascertained that the presence of piorie acid does not interfere with the 
Bertrand sugar method and the amino-nitrogen determination. The 
Lewis-Benedict method gave much higher results than the Bertrand 
method, but the two results were usually comparable. It can be 
noted that the sugar figures here are higher than those recorded by 
Funk and v. Schönborn. This difference may be due to anesthesia 
(in the earlier paper blood was taken by cutting the throat of the 
pigeons) and tying of the animals. The feeding with polished rice, a 
food poor in fat, can well be compared with the fat-free synthetical 
diet of Funk and v. Schönborn, where the glycogen figures were 
found high. The following table shows the results obtained calculated 
on 100 g. of blood and contains also the record of the experiments. 

If we consider the results, we find that in every experiment the figures 
for the sugar in the blood were on an average much higher on polished rice 
than on normal food, confirming our previous results. The oral adminis- 
tration of glucose produced a peculiar effect, it occasioned a disappear- 
ance of glycogen of the liver, a diminution of blood sugar in both series 
and of amino-nitrogen on rice diet only. 

Phlorizin did not influence the glycogen content of the liver very 
much, in agreement with the work of Epstein and Baehr ds) on 
phlorizinised and nephrectomised cats, it did rather increase the gly- 
cogen and the blood sugar on normal and decreased the glycogen and 
slightly increased the sugar in the rice series. 

After administration of adrenaline no marked hyperglycemia was 
noticed in pigeons, although a typical hyperglycemia was described 
by Fleming@0) in ducks after adrenaline injections. The action of 
the drug on the glycogen content was not very pronounced and this 
might have been due to the repeated administration of this substance. 
Drummond and Paton@l) for instance have stated that only in acute 
adrenaline intoxication have they found the glycogen in the liver dimin- 
ished. In our experiments we had a W of glycogen on normal, 
increase on rice diet. 

Pituitrin was found to have no effect on the carbohydrate meta- 
bolism. Desiccated thyroid gland produced practically a disappearance 
of glycogen in accordance with the results of Cramer and Krause(2) 


in rats, It produced a very pronounced increase of sugar in animals on 


polished rice and an increase of amino-nitrogen in both series, as could 
be expected. Cramer and Krause have pointed out a marked ten- 
dency to glycosuria in their rats. 
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The parathyroid preparation used was bought from Armour & Co., 
and nothing was known in how far the activity of the original gland 
was conserved in the preparation. The results obtained clearly indicate 
that the action of these glands was entirely different from the influence 
of desiccated thyroid gland. Instead of diminution of glycogen, we have 
here an increase in both series, on normal diet more so than on polished 
rice; it produced a moderate increase of sugar and a diminution of 
amino-nitrogen. 

The results as a whole suffer a good deal from the occurring varia- 
tions in figures, which were unavoidable, in spite of a uniform selection 
of the animals for experiments. We can safely say, that there was an 
unmistakable increase in blood sugar on vitamine-free diet, that the 
experiments with pituitrin contributed very little towards the elucida- 
tion of our problem, and that the action of glucose, adrenaline, thyroid 


and parathyroid glands has produced interesting results which might 


become more clearly defined on further investigation. 

In the second part of this paper the influence of phlorizin, adrenaline, 
pituitrin, thyroid and parathyroid glands was studied as to its effects 
on the time of beriberi onset, death and loss in weight. The animals 


selected for this purpose were healthy male pigeons of a weight of 300 


to 400 g. All the animals were kept on 30 g. of rice a day, which was 
given in portions of 10 g. each three times a day. The animals received 
in addition to the rice the substance, the influence of which was to be 
studied. In each experiment six experimental animals and six controls 
were used. The table records the number of pigeons which developed 


typical symptoms of beriberi, the time of the onset of the disease and the 
loss in weight. 


No. ot No.of 

used pigeons . — Death weight Remarks 
Controls 30 14 20 days 22 21% 30 g. rice daily 
Phlorizin 6 4 g. in olive oil every third 

y 

Adrenaline 6 2 2 17 26 „ 1/200 grain os daily 
Pituitrin 6 2 19 „ 21 19 „ os every 2 
Thyroid 6 1 14 „ 15 24 „ 092 g. every naw f 
Parathyroid 6 4 16 „ 20 26 „ 1/20 grain every day 


From the results obtained it would seem that phlorizin possesses a 
quickening action on the onset of beriberi with an increased loss in weight. 
Pigeons on adrenaline lived shorter although Rondoni() has found 
that guinea-pigs live longer on corn when adrenaline is given to them 
per os. Pituitrin was found to be without effect. It seems therefore that 
the claim put forward by Abderhalden(2) that vitamines belong to 
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the same chemical, group as B-imidazolyl-ethylamine, which is probably 
present in pituitary extracts, does not seem to be justified. Thyroid 
gland has a very characteristic action, out of six animals only one 
developed typical symptoms, the rest of them died so early that the 
symptoms could not develop. This result speaks somewhat against 
the results of Dutcher (l. e.) who has found that the desiccated thyroid 
gland possesses a slight curative action for avian beriberi. In the thyroid 
experiment the symptoms developed early and the loss in weight was 
as high as could be expected. The parathyroids acted differently, in so 
far as four animals out of six developed beriberi (rather early), but the 
death occurred in the same time as in the controls. The loss in weight 


was smaller than on thyroid gland, taking into consideration the longer 
survival of the animals. 


CoNCLUSIONS. 


Based on the assumption that the anti-beriberi vitamine plays an 
important réle in the carbohydrate metabolism, a series of substances, 
known to influence the said metabolism, was investigated in this con- 
nection. On one side the action on the blood sugar, glycogen of the liver 
and amino-nitrogen of the blood was studied, on the other side their 
influence on the onset of beriberi, duration of life and loss in weight, 
when administered to pigeons on polished rice. 

Amongst the interesting data was the action of glucose, it produced 
practically a disappearance of glycogen, a diminution of blood sugar 
both in controls on normal diet and on rice. Phlorizin increased the 
glycogen and sugar in the controls, decreased the glycogen and slightly 
increased the sugar in the rice series. In feeding experiments phlorizin 
seemed to hasten the onset of the disease and increased the loss in weight. 

Adrenaline had no marked effect on the carbohydrate metabolism; 
in feeding experiments the animals which received the drug lived shorter. 
Pituitrin was found to be without effect. 

Thyroid gland produced a considerable sugar increase in the rice 
series, a disappearance of glycogen and increased amino-nitrogen in both 
series. In feeding experiments only one animal out of six developed 
beriberi and all the animals died early with a great loss in weight. 
Parathyroids were entirely different in their action, they produced an 
increased glycogen content in the liver, moderate increase in blood sugar 
and decrease of amino-nitrogen. In feeding beriberi symptoms developed 
early, but the animals died simultaneously with the controls, with a 
somewhat greater loss-in weight. 
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The results of Funk and v. Schönborn on the 8 of 
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pigeons on vitamine - free diet were confirmed. 
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EXPERIMENTS ON THE INTERNAL SECRETION OF 
THE SEXUAL GLANDS, ESPECIALLY ON EXPERI- 
MENTAL HERMAPHRODITISM. By KNUD SAND. 


(From the Institute for Medical Jurisprudence, University of Copenhagen.) 


THE point of view with regard to the internal secretions of the sexual 
glands has changed considerably in the last decade. The great progress 
made is, in the first place, due to Steinach. Later Athias, Brandes, 
Goodale, Pézard and I have experimented on the subject. I propose 
in this Paper to give a brief account of some experiments which are part 
of a larger work published in 1918 as a monograph in Danish d). 3 

In the years 1911-13 Steinach@) published his ingenious experi- 
ments on the transformation of the sexual characters in mammals by 
exchanging the sexual glands. In the latter part of 1916 (8) he described 
new experiments, in which he succeeded in producing a somatic and 
psychical hermaphrodite animal by subcutaneous ingrafting of both 
kinds of sexual glands at the same time and on the same infantile 
castrated male animal. Provided both the organs had become fixed, the 
experimental animal showed a development of the homological as well 
as of the heterological characters, both somatic and psychical; the 
psychic character being periodically either male or female. 

Among the researches into different sexual problems which I began 
in the summer of 1914 there were experiments on masculinisation and 
feminisation. By simultaneous grafting of male as well as of female 
sexual glands on the same organism I also took up the question of the 
eventual immunity of the organism from the heterological sexual glands 
and the question of the antagonism between the sexual glands, which 
had been presumed by Herbst(4), and observed by Steinach. Finally 

it became my special object to throw light upon the modern conception 
of hermaphroditism and abnormal sexual conditions by experimental 
production of hermaphrodites. | | 
My experimental animals were guinea-pigs and rats, mostly operated 
within the first month of their lives. Apart from a series of experiments 
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on ligature of vas deferens and experimental cryptorchism which I will 
not mention here, my experiments were based upon transplantation. 


I. Experiments on transplantation. 
A series of experiments were made on the following modes of grafting 
sexual glands: 


A. Autotransplantations. 


(a) Homological: between indi- 
viduals of the same sex. 

5) Heterological: between indi- 
viduals of different sex, so- 
called “experiments on 

y transformation. 


In the transplantations of the testis I found a special technique 
very useful, namely punctura testis, in that before the grafting I made 
a series of punctures in the albuginea to make the vascularisation easier. 
Also “transplantation in two tempi” with primary moving up of the 
testis on the peritoneum, and after a fortnight, cutting the vessels and 
vas deferens, a method which Steinach also has used, gave me excellent 
results in testis-autotransplantation. All of the testes-transplantations 
showed the importance of the Leydig-cells for the internal secretions. 

A great number of ovary-transplantations were made. At the 
conclusion of the experiments the transplanted organs were examined 
in serial sections, and the effect of their hormones was estimated in 
relation to their total mass, and to their contents of the different ovary- 
elements. As to the question of the hormone-supplying tissue in the 
ovarium, the results gave considerable support to the opinion which in 
recent writings (Bied1(5) and others) obtains more and more prevalence, 
namely, that the three elements interested, the follicles, the theca-lutein . 
tissue and the corpora lutea, morphologically and physiologically, may 
be looked at from the same point of view, and are able, under different 
circumstances, to supply the place of one another, in their influence on 
the female “accidental” (secondary) sexual characters. These results were 
obtained by experiments that showed widely different combinations of 
the follicles, theca-lutein tissue and corpora lutea in connection with 
the effect of the hormones on the transplanted organs concerned. 
This point of view has been particularly clearly worked out on theoretic 
grounds by Bucura(6), with whom on the whole I agree. Like Bucura 
I take the follicles, and, especially their granulosa-cells, to be the 


B. Isotransplantations 
(Homoiotransplanta- 


tions) 
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original mother-substance for the hormone-production, “the primary 
hormone-cells,” which before puberty (i.e. until the atresy of the follicles 
with the growth of the theca-lutein-cells, and the formation of corpora 
lutea has reached a higher development) are able to produce the number 
of hormones necessary, even if their chief object is, as I believe, the 
nourishment of the ovule. 

When the follicle perishes (atresy), its hormone-forming function is 
taken over by the theca interna cells and these hypertrophy. When 
ovulation occurs, the function is taken over by the granulosa cells which 
_ hypertrophy and form the corpus luteum with intensified hormone- 
development. In this stage, the theca-lutein tissue and the corpus. 
luteum may perhaps be described as “secondary hormone-cells.” 

Accordingly, I agree with Bucura that the theca-lutein tissue and 
corpus luteum are elements, which through hormone-depositing and an 
intensified hormone-production, caused by hypertrophy of the hormone- 
cells (no doubt together with the follicles constantly present), produce 
the varying number of hormones necessary for the constantly changing 
sexual processes of the mature female organism (development of puberty, 
menstruation, rutting, gravidity, lactation). 

As to the heterological isotransplantations, the “experiments on 
transformation,” I was able to confirm the discoveries of Steinach, as 
well with regard to masculinization as to feminization of the animals. 
With reference to the masculinization I was from the outset observant 
of the possibility of producing a somatic’reaction in animals, corre- 
sponding to the mamma hypertrophy of the feminized animals. It was, 
I think, an obvious conclusion to presume a hypertrophy of the clitoris. 
In a series of cases in my experiments (on rats) I succeeded in producing 
an undoubted hypertrophy of the clitoris ordinarily quite rudimental. 
The hypertrophy was so great that the organ spontaneously protruded 
as a 4 or 5 mm. long, turgescent peniculus in the transformed animals 
which also psychically were decided males. Here I had a reliable, 
somatic reaction noticeable at an early stage, of an undoubted mascu- 
linization of female animals, corresponding to the mamma-hypertrophy 
of feminized male animals. The microscopical examination of the in- 
grafted animals showed strongly augmented Leydig-cells among atrophic 
tubuli seminiferi. 

When I began these experiments in 1914 I wondered why Steinach 
in his treatises had mentioned nothing about the conditions of the clitoris 
in his masculinized animals. Not until 1917, a long time after the con- 
clusion of my experiments, did I find a communication by Lipschiitz(7), 
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according to which he had made the same observation in a guinea-pig, 
masculinized by Steinach, as I had made in a series of rats. Lip- 
schiitz found in this animal a considerable hypertrophy of the clitoris 
with two corpora cavernosa and also development of the quill-shaped 
growths found on male animals. Corpus cavernosum urethre was 
altogether lacking, the penis-like organ represented a totally hypo- 
spadical penis. 
II. Experiments on experimental hermaphroditism. 

Steinach (1912) called attention to the fact that castration of the 
experimental animal is a condition sine qua non for the ingrafting and 
efficiency of the heterological gonads, the transplanted organ perishing 
if castration be omitted. On the whole I can verify this observation. 

Steinach assumes this condition to be an antagonism between the 
sexual hormones. I am of opinion that perhaps it would be more plausible 
to assume an immunity of the non-castrated organism from the hetero- 
logical sexual glands; without anticipating the nature of this immunity. 

In order to examine the point in question I made different experi- 
ments. 

A. With the object of making conditions equal for both gonads 
from the outset, I made a simultaneous transplantation of a testis and an 
ovarium on the same castrated infantile animal. By doing this it was my 
intention to avoid the “preponderance” with regard to its efficiency, 

which the homological gonad might be in possession of by heterological 
transplantation on a non-castrated animal, and which would perhaps 
influence a transplanted organ of this kind. 

A single positive result may be briefly reported. 

Guinea-pig (a). Castrated on the 17th August, 1916, at the age of three weeks, where- 
upon one of its testes and a consanguinal ovarium were transplanted in subperitoneal 
“pockets.” After two months the penis was partially developed, and there was a marked 


hypertrophy of the mamma, out of the turgid, strongly pigmented pa pills of which normal 
milk could be pressed. 


After three months: penis 0-6 cm. (normally about 1 cm.), breadth of the base of the 
vesicule seminales 0-4 cm. (normal) swelled with secretions. 


The mamma, as above described, decidedly hypertrophied, the papilla measuring 
0-6 cm. (normally 0-1 em.). Natural milk (microscopy) can be pressed out and plenty of 
glandular tissue is found. 

This somatic hermaphroditism was combined with a decided 
bisexualism of the psycho-sexual character, in that the animal showed, 
even during the course of a single hour, momentary change from 
female to decided male character, according to the animals (males, 
newly-born young ones, females) with whom it was brought into contact. 
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Conditions found in the well - ingrafted organs: testes: enormous development of 
Leydig-cells among atrophied tubules. Ovarium: numerous mature follicles and some 


interstitial, glandular tissue. Mamma (microscopy): 
the same type as in a puerperal mamma. 


The animal was accordingly a decided example of experimental 
hermaphroditism both somatically and psychically. Thus, independent 
of Steinach, I obtained the result that it is possible to produce an 
artificial hermaphrodite through simultaneous transplantation of male 
and female sexual glands on an infantile mammal. 

B. Experimental hermaphroditism through formation of artificial 
ovario-testes. Steinach states that he has succeeded in making the 
transplanted organs grow together to a whole, by placing them directly 


‘against each other. In 1914 I made use of a direct formation of ovario- 


testes by special technique, placing the ovaries in the middle of the 
testes and leaving the latter in their natural position, also in short: 
Intratesticular ovary transplantations. In experiments on rats I succeeded 
in producing artificial ovario-testes by this method. After about four 
months’ observations I found, as well in adult as in infantile animals, 
the ovarium containing the follicles, interstitial glands and corpora lutea 
lying in the middle of testis tissue with perfect spermatogenesis and 
normal Leydig-cells. The results showed: 

I. That the ovarium grows and, what is more, grows comparatively 
easily into the testis tissue itself, develops further here and is able to 
form corpora lutea. 

II. That the testis, although the heterological gonad lies in the 
middle of it, and is nourished through its substance, is still able to 
develop until it reaches perfect spermatogenesis, and 

III. That it is, accordingly, possible artificially to produce herma- 
phroditic sexual glands, ovario-testes, and both the gonads of different 
sex easily: thrive in intimate union without injuring each other, apart 
from the traumatic injury. 

On account of the lack of predisposition for mamme by the male 
rats, these experiments did not with certainty illustrate the effect of 
the artificial ovario-testes on the accidental sexual characters, even if 
the animals psycho-sexually showed a somewhat changed appearance. 
Unfortunately the technique of the experiments on guinea-pigs is 
exceedingly difficult, the testes of these infantile animals being much 
smaller than those of the rats, but as the ingrafting of the ovarium on 
these latter had succeeded so well, and hoping that a positive ingrafting 
on guinea-pigs would give distinctly observable double reactions, 
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I also made some experiments on guinea-pigs. These gave a positive 
result. The following example may be given here: 

~ Gnuinea-pig (6). On the one-month old animal intra-testioular ovario-t lant 
were made on both sides. After one month JVC 
to increase in size, the latter however most. The section three months after showed the 
penis 0-6 om. long (ie. not as large as that of the normal control animal), there were 
rather well-developed vesicule seminales, containing secretions and with a breadth at the 
base of 0-3 cm., but yet a little smaller than those of the normal control animal (breadth 
of base 0-4 cm.), at the same time the papilla showed an enormous hypertrophy, were 
large and filled with secretions, intensely pigmented with a broad areola, normal milk 
could be pressed out. , 

Psycho-sexually the animal had without doubt shown decided bisexualism. 

The section showed both of the testes lying adherent to each other in the abdomen, 
+.¢. a condition of cryptorchism had at the same time been produced. 

The microscopical examination (serial sections) showed that both of the organs had 
been transformed into ovario-testes, with a well-ingrafted ovarium lying in the middle 
containing several mature follicles and plenty of interstitial glandular tissue in intimate 
contact with the testis tissue, the latter of which showed infantile character (cryptorchism ). 

The mamma showed the same character as in the case with guinea-pig (a), thus being 
of puerperal type. 

This experiment, then, gives a new proof that the ovarium finds 
good conditions for existence in the middle of the testis, and that the 
gonads do not directly influence each other deleteriously, but, at the same 
time, it also proves that the formation of ovario-testes makes it possible, 
by intra-testicular ovary-transplantations, to produce a somatic and 
psychical hermaphrodite animal. 

I will not here enter further into all the considerations to which the 
aboveymentioned phenomena might give rise, not least as a biological 
basis for critical examination of hermaphrodite and other abnormal 
sexual conditions. On the whole I can agree with the views Steinach 
has put forth, and Hirschfeld(s) has supported. I have only to add 
that through numerous other experiments, especially ovary-transplan- 
tations on rats, I came to the result that auto- and homological iso- 


transplantations (homoiotransplantations) have succeeded better than : 


transplantations on castrated male animals, in these the ovarium showed 
a lesser growth and more tendency to atresy, a fact that Steinach has 
called attention to. I must, however, especially emphasize that a corpus 
luteum development was very rare in these animals. Neither did I ever 
succeed in a real ingrafting of the heterological gonad on non-castrated 
animals, whereas there was, as mentioned before, a positive result if 
the gonads had immediately been brought under somewhat the same 
conditions by simultaneous transplantation on the same animal, or 
by the intimate union formed by the production of ovario-testes. 
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These phenomena do not, I think, point so much to a real antagonism, 
i. e. & reciprocal contrary influence, as to a kind of immunity of the 
normal organism from the heterological gland. This immunity can 
perhaps be conceived as an atreptical immunity,” which may perhaps 
be explained as follows: in every organism are found certain substances 
which are necessary for the sexual glands, and these substances the 
latter try to absorb to the greatest possible extent. The normally 
situated non-trensplanted gonads have the best chances of being able 
to absorb these substances, for which reason heterological (perhaps 
also homological) gonads, transplanted on normal organisms, cannot 
get enough of these substances and therefore perish. Homological and 
heterological gonads, which have been transplanted at the same · time 
to the same organism, are both able to grow in, having both about the 
same opportunity of absorbing the substances. 

Further the phenomenon that ovaries ingrafted in the testes find 
good conditions for developing there, can probably be explained by a 
similar theory, in that the substances of the normal male organism, 
necessary for the gonads, are perhaps stored up in the testes, both kinds 
of gonads thus being able to make use of them. 
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NOTE ON THE PERMEABILITY OF RED CORPUSCLES 
Fo GLUCOSES AND GLUCOSAMINE. Br SHUZO 
KOZAWA, =. 


(From the Medical College, Osaka.) 


I HAVE shown in a previous paper that the red corpuscles of man and 
of monkey are markedly, and those of the dog slightly, permeable for all 
hexoses and pentoses when tested in vitro, while those of other animals 
are impermeable. In spite of this permeability of the red corpuscles of 
man and monkey, their sugar content always remains below that of the 
medium in which they are immersed. This statement was confirmed by 
Masing@), who points out that 60°/, to 70% of the glucose of the 
medium can penetrate into the red corpuscles. According to Michaelis, 
Rona and Takahashi@,4 in the dog the sugar content of the red 
corpuscles may be higher than that of the serum. If sugar penetrates 
from the serum into the red corpuscles the sugar content of the latter 
should never be higher than that of the serum. Results such as those 
obtained by Michaelis must therefore be ascribed either to an increased 
production of sugar in the esses or to increased glycolysis occurring 
in the plasma. 

I have endeavoured to throw sonie light on the question of the dis- 
tribution of sugar in the red corpuscles and plasma respectively by 
observations on the distribution in conditions of artificial and natural 
hyperglycemia. Bertrand’s methods were used for the estimation of 
sugar, as described in my previous paper. Hyperglycemia was induced 
in the rabbit and dog by the subcutaneous injection of adrenalin; in 
man I utilised the hyperglycemia of diabetics for this purpose. 


1. Experiments on rabbits. 
The normal content of sugar in the red corpuscles and plasma of 
these animals has been repeatedly determined. The following observa- 
tions were carried out as a control: 
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Glucose Glucose 
in 100 0. 0. in 100 c. o 
Proportion 
1. 0-0000 0-1853 gr. 0 — 
0-0102 0-2345 gr. 1:23 
3. 0-0000 0-1928 gr. 00 
4. 0-0150 0-2282 gr. 1:15 


Table II shows the distribution of sugar one hour after the sub- 
cutaneous injection of adrenalin. 


TARA II. Blood in adrenalin-hyperglycemia. 
Glucose Glucose 


in 100 0. 0. in 100 0.c. 
red corp plasma Proportion 
1 0-0000 0-4733 0 
2. 0-0197 0-4183 1:22 
3. 0-0313 0-2337 
4 *0-0890 0-5333 1:6 
5. 0-0241 0˙3448 1:14 


This table shows that the sugar content of the red corpuscles remains 
normal while that of the plasma rises. The results concur with those 
obtained by Rona, Takahashi and Höber on circulating blood and 
with my own experiments in vitro as shown in Table III. 

Taste III. Blood with addition of glucose in vitro. 


Glucose Glucose Glucose 
in 100 c.c. in 100c.c. in 100 0. c. 


red corpuscles plasma Proportion 
1. 0-6045 0-0000 0-8578 
2. | 0-6642 0-0064 0-9137 146 
We see therefore that hyperglycemia in the rabbit involves an in- 
creased amount of sugar in the plasma only and not in the corpuscles, 
and that the rabbit’s red corpuscles have little or no permeability for 
grape sugar whether in vitro or in circulating blood. 


2. Experiments on dogs. 
In dogs the sugar content of the red corpuscles is always higher than 
that in rabbits, as is shown by the following observation on dogs: 


Taste IV. 
Glucose Glucose 
in 100¢.c. in 100 c.c. 
red Proportion 
1. Morphiumnarcosis 0-0553 0-2279 1:4 
Adrenalin 0-005 
injection 0-0854 0-2220 1:26 
2. Morphiumnarcosis 0-0296 0-3245 111 
Adrenalin 0-008 
injection 0-0805 0-4444 1:5 
3. Morphiumnarcosis 0-0210 0-2191 1:10 
in 0-008 
0-0416 0-2602 1:6 
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In this case subcutaneous injection of adrenalin increases the sugar 
content of the plasma, but only to a slight degree that of the red cor- 
puscles. On the other hand the following experiments in vitro show a 
more marked penetration of the red corpuscles by sugar. 


Taste V. Blood with addition of glucose in vitro 


Glucose Glucose . Glucose 
in 100 c.c. in 100 0.0. in 100 c.c. 
plasma red 


I 0-7746 0-8930 0-3315 1: 2-7 
2 0-7568 1-0618 0-2389 1:44 
3. 0-6291 0-8634 0-2103 1:41 
4. 0-5868 0-8093 0-1735 1:47 


3. Experiments on man. : 

Many investigators, such as Tachau(6),,E. Frank, 8), Hol- 
linger, Rolly and Oppermann do, have found very evident in- 
creases in the sugar content of the human red corpuscles in hypergly- 
cemia, and cases have been recorded by Tachau, Hollinger, Frank 
and Baily) in which the sugar content of the corpuscles was even 
_ higher than that of the serum. The following table shows results * 

tained on cases of diabetes: 


VI. 
Glucose Glucose 8 Volume of 

in 100 0. o in 100 C. c. corpuscles 

red corpuscles Proportion  Glycosuria in hematocrit 
1 0-0420 0-1360 1:32 49-0 
2. 0-4968 0-6347 1:13 6-04 63-5 
3. 0.6002 0.8320 1214 6-0 % 50-0 
4. 0-4318 0-5498 1:13 5-0 °%/, 44-5 
0-0546 0-1226 1:22 trace 54-5 


It is evident from this table that human corpuscles in circulating 
blood are easily permeable to grape sugar. The sugar content of the 
corpuscles is always increased in hyperglycemia, but neither here nor 
in my experiments in vitro have I come across any case in which the 
sugar content of the corpuscles is greater than that of the serum. 

In hyperglycemia the volume of the red corpuscles is increased, as 
shown by determination with the hematocrit. The same phenomenon can 
be observed outside the body. In normal blood the ratio of the corpuscle 
volume to the plasma volume is about 1: 2, but in diabetics this may 
be increased 1: 1 or even more. . 


41. Experiments with glucosamine. 
Having shown that the red corpuscles in man and monkey are per- 
meable to all hexoses and pentoses, and that the same applies in less 
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degree to the dog’s corpuscles, but not to other animals, I have investi- 
gated the behaviour of corpuscles to glucosamine. For this purpose a 
smal) quantity of an isotonic solution of glucosamine was added to 
defibrinated blood and left 30 minutes to I hour. The distribution of 
the glucosamine in corpuscles and plasma was then determined by 
Bertrand’s method. Determination of the volumes of corpuscles and 
plasma were also made with the hematocrit. 

In the goat, horse, and rabbit the corpuscular volume is not increased 
by the addition of an isotonic solution of glucosamine We may therefore 
conclude that the corpuscles of these animals are impermeable to this 
substance as they are to glucose and pentose. In man on the other hand 
the corpuscular volume is increased by the addition of glucosamine, 
showing that human corpuscles are permeable to this substance. 


Taste VII. (a) Experiments with hamatocrit. 
Red corpuscles... „ 


0-85 % NaCl solution 3-00.c. 0.88 % NaCl solution — 


in hematocrit 
after cen * 34 34-0 
After 4 hrs. 33 33-5 
Horse. 15 mins. 2 48 470 
18 47 46-5 
Rabbit. 18 hrs. 36 36-0 
24 38 482 ˙0 
Man. 30 mins. 30 
18 hrs. 40 52-0 


This conclusion is confirmed by the folowing results of chemical 
analysis: 


Tam VIII. (66) Chemical analysis after addition of glucosamine to the blood. 
‘ Glucosamine Glucosamine 


in 100 c. o. in 100 c.c. 
red corpuscles plasma Proportion 

Rabbit 1. 0-0000 g 0-23165 gr. 
1 0-0377 „ 0-1293 „ 1:34 

Goat 1. 0-0000 ,, 0-0902 „ * 
5 0-0246 „ 0-1524 ,, 1: 62 

Dog 0-0000 ” 0-2490 „ * 
Man 0-2733 „ 90-2959 „ 1:11 


(Note :—glucosamine calculated as glucose.) 


We see that in the red corpuscles of the goat, dog, and rabbit, the 
reducing substance of the corpuscles remains unchanged, whereas in the 
human corpuscles the reducing substances were increased and approxi- 
mated to the percentages found in the plasma. 
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CoNCLUSIONS. 


1. The permeability of the red corpuscles was determined by three 
methods: the hwmatocrit, chemical analysis in addition, chemical 
analysis in hyperglycemia. In man, the red corpuscles in the circu- 
lating blood are easily permeable for blood sugar; in the rabbit they are 
- impermeable; in the dog they were found to be impermeable by the 
hematocrit method, but to be slightly permeable by the chemical 
analysis methods. 

2. In the hyperglycemia of diabetics the volume of the red cor- 
puscles is increased. 

3. No case has been observed in which the sugar content of the red 
corpuscles wae greater than that of the medium in which it was im- 
mersed. 


4. Human red corpuscles are permeable to glucosamine, whereas 
those of the rabbit, dog and horse are impermeable. 
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A SIMPLE DEFINITE TEST FOR ASCERTAINING THE 


EXISTENCE OF FUNCTIONAL CARDIAC CALCIUM. 
By W. BURRIDGE. © 


(From the Physiological Laboratory, Ozford.) 


In a recent paper by Ransom(1) it was shown that certain drugs still 
exerted their actions on the heart after that organ had been perfused 
for some time with a calcium-free solution. In considering these results 
we must distinguish between the calcium in the cardiac tissues and the 
calcium in the perfusing fluid. It is the calcium in the cardiac tissues 
which must perform the work of calcium in the heart; the calcium in 
the perfusing fluid is the supporter of that in the tissues. If we remove 
this supporter, the tissue-calcium should be able to carry on its work 
for some time longer. In order then to determine whether calcium is 
essential for the action of drugs we must know whether calcium is or is 
not present in a functional form in the heart-tissue. A test for this is the 
behaviour of the heart to a 5 p.c. solution of potassium chloride. 

Normally a 5 p.c. solution of potassium chloride causes the ventricle 
to contract to its utmost capacity(2). I have not found that any beating 
heart fails to respond in this way, and my experiments are many. The 
contraction is of constant amplitude and independent of variations in 
the amplitude of the ordinary spontaneous contractions(2). It may be 
noted that the amplitude of the spontaneous contraction rarely equals, 
never exceeds, and is usually less than, that of the contraction evoked 
by potassium. 

After a heart has been stopped in diastole in consequence of exposure 
to an oxalate or citrate there is a complete change in the cardiac reaction 
to this potassium solution. No contraction is now produced. The ventricle 
undergoes changes in appearance resembling those produced by fixing 
agents, There is a dull muddy opacity suggestive of rigor, but the ap- 
parent rigor is not accompanied by contraction. A certain degree of 
ventricular rigidity is palpable to the touch; and if the ventricle is 
massaged, it is found to have acquired a new character of brittleness 
inasmuch as a part of the internal lining can easily be rubbed away. 
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But although oxalates and citrates produce such a profound altera- 
tion, these effects, except that of attrition by massage, are capable of 
complete reversion, i. e. the heart can be made to beat again apparently 
as well as before, and remain capable of activity up to the following 
day. For this restoration of the normal condition the action of calcium 
is essential. 

Since the oxalates and citrates of both sodium and potassium are 
efficient in bringing about the changes, they are not produced by the 
base; in fact the alkalinity of the salts is a hindrance to the production 
of the changes. The effects described are thus essentially brought about 
by the oxalate or citrate rendering unfunctional the calcium of the 
tissue. 

We have thus an easily applied and definite test to determine whether 
a heart contains calcium in an effective form. If a heart eens to 
the potassium solution it contains such calcium. 

The cardiac alteration leading to this changed reaction of the heart 
to potassium chloride not only follows the use of oxalates and citrates 
but can also be mediated by sodium chloride alone; it has, however, to 
be used in high concentration (1 p.c. and upwards). When the alteration 
is produced by this salt, calcium is essential to the restoration of the 
normal. The alteration does not occur if sufficient calcium be added to 
the solution which in its absence would produce this change. Sodium 
chloride in large amounts does, thus, presumably actively displace cal- 
cium from the heart sufficiently to bring about the changed reaction to 
potassium, isotonic sodium chloride does not. We find after the latter 
a quantitative change. The contraction produced by the potassium 
solution diminishes in amplitude as perfusion with isotonic saline pro- 
gresses and the heart stops beating. But I have never failed to evoke 
a contraction, or observe the potassium to produce an apparently rigored 
heart after perfusion up to three hours with isotonic saline. Isotonic 

saline, then, while capable of bringing about a certain amount of cardiac 
decalcification, does net within the limits given do this sufficiently to 
change the reaction of the heart to the potassium solution. 

When visible cardiac activity has been abolished by any means, the 
quiescent heart reacts to the potassium solution in one of three chief 
ways: 

1. A contraction is produced of undiminished amplitude when com- 
pared with one evoked from the fresh heart. 


2. A contraction is * but comparison shows it to be less 
than the normal. 
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3. There is no contraction, and the effects produced are similar to 
those following the use of oxalates and citrates. 

It is only when we have carried cardiac depression to this third degree 
that we are justified in assuming we have deprived the heart of functional 
calcium. 

Since in Ransom’s experiments the hearts were still beating it 
may safely be inferred that they were not deprived of calcium. His 
conclusion that various drugs produce their effects in the absence of 
calcium from the perfusion fluid must not be taken as affording evidence 


that the drugs will be effective in the absence of calcium from the heart 
tissue. 


SuMMARY. 


1. Hearts stopped in diastole following treatment with oxalates or 
citrates show a profound and definite change in their mode of reaction 
to a 5 p. o. potassium chloride solution. 


2. Evidence is given that this change is a consequence of a loss of 
the normal functions of calcium. 


J. The changed reaction to the potassium solution has never been 
found in a beating heart. 


4. Hence it is concluded that every beating heart must contain 
functioning calcium. 


5. It is only when we find this changed reaction that we are justified 
in assuming the absence of functional cardiac calcium. 


In conclusion I wish to express my indebtedness to Professor 
Sherrington for the facilities afforded me to carry out the work. 
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ON PHYSIOLOGICAL RADIO-ACTIVITY. 
By H. ZWAARDEMAKER. 


Tun heavy radio- active elements belong to three groups: the radium-, 
the thorium-, the actinium-groups. No representative is normally found 
in the animal organism, except perhaps a trace of emanation. On the 
other hand a specimen of the light radio-active elements of Campbell 
and Wood is a permanent constituent of the body. Potassium is found 
to a quantum of 40 grams. 

The potassium has been stored for a great part in the muscle-cells and 
in the red blood-corpuscles. Besides in this fixed condition potassium 
also occurs in our blood as a free, diffusible ion, of which the amount 
is usually estimated at rather more than 1 gm. Now the radio- active 
radiation of 1 gm. of potassium is readily demonstrable in an ionization- 
chamber. Campbell and Wood o have suggested a very simple method 
of doing this. W. E. Ringer and myself tried the method and without 
difficulty confirmed the fact. When spreading on the bottom of an 
ionization-chamber, of a capacity of two litres, a perfectly dry potassium- 
salt, we found the air ionized twice as strongly as when only the pene- 
trating field of radiation of the earth and the secondary activity of the 
wall would have affected it. On the other hand perfectly dry sodium-, 
or lithium-chloride is altogether inactive. Such a potassium-radiation 
passes easily through several films of stannum, and reaches half of its 
original strength through aluminium of 0-4 mm. thickness. If, instead 
of aluminium we had taken an animal tissue, the reduction to half its 
strength would have been observed with a passage through a layer of 
1mm. The radiation of 1 gm. of potassium, distributed over all the 
blood is not perceptible with our present means. Only when this amount 
is enclosed in a small space does it become physically measurable. From 
this it does not however follow that when diffused it is biologically 
without influence. Night and day the potassium-atoms force their way 
in all directions. Every atom,.wherever it may be, is surrounded by a 
miniature field of radiation. f- particles are dispersing on all sides at 
irregular intervals. Materially this is of little significance, for the magni- 
tude of every particle is of the order of one-thousandth of a hydrogen- 
atom. But energetically the radiation is of — since the mobile, 
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electrically charged electron (I) in flying past acts by induction ; (2) trans- 
fers kinetic energy; and (3) imparts its charge where it comes to rest. 
A positively charged atom remains behind. 

The activity induced while the particle is shooting along, will detach 
everywhere electrons from their atoms, and is, therefore, of itself of some 
importance. It is difficult to form an estimate of the consequences. 
However, we can state a priori what will happen in case such a f- particle 
sticks fast. Let it be assumed that this takes place in a colloidal complex, 
then the transferred negative electric charge will be able to leave the 
complex only by loosening one of the ions absorbed to the surface, say, an 
OH-ion, and sending it adrift. We see, then, that an exchange of ions 
will have begun which would have been wanting without radiation. 
Considering the immediate effect of corpuscular radiation, the y-rays, 
emitted along with it, may I think be provisionally left out of account. 
In 1915 I asked myself what might be the physiological significance of 
the radiation, which, owing to the potassium, pervades almost the whole 
human body. The answer was not difficult to find in the case of the free 
potassium occurring in the plasma sanguinis, since we possess in the 
isolated frog’s heart an organ, the muscle-cells of which are on all sides 
in almost immediate contact with the circulating fluid. As moreover 
these muscle cells show their vital functions spontaneously by pulsations, 
we are enabled to remove from them the influence of the free potassium, 
respectively to expose them to it, and so to establish the results im- 
mediately. When such a heart is supplied in all its lacune with ordinary 
Ringer’s mixture (NaCl -67 p.c., NaHCO, -02 p.c., CaCl, -02 p. c., KCl 
‘Ol p.c.), it will keep beating for hours. When, however, the potassium 
is left out, it is reduced on an average in 30 min. to a standstill. Some- 
times the standstill will come abruptly, at other times the beats slow 
down gradually, while alternate groups of systoles and quiescence are 
noted, or sometimes the arrest of the heart’s action is introduced by a 
decrease of the magnitude of the contractions. In all such cases the heart 
may resume its beats by adding again the potassium to the circulating 
fluid. 

This shows that the potassium-ion is indispensable to the cardiac 
action. Various attributes of potassium-ion may be responsible. Ite 
velocity of migration, its colloidal importance as a univalent ion, its 
position in the lyotrope series, its specific chemical affinity, its radio- 
activity—all these properties might be regarded when looking for the 
real cause of this indispensability. We purpose to ascertain whether the 
last-mentioned property, i. e. radio-activity, is answerable for it. This 
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will be the case if it can be proved that the potassium can be replaced 
by other radio-active elements. 

Among the light metals there is besides potassium another radio- 
active element, viz. rubidium. This element can serve as a substitute 
for potassium in every respect as was pointed out by Sidney Ringer@); 
it can be explained by chemical affinity. But outside the Mendelejeff- 
group (to which potassium and rubidium belong) we cannot appeal to 
chemical affinity. At the same time the technical difficulty presents itself 
to hit upon the right dose, for on the one hand no effect can be expected 
from too small a dose, and on the other hand too large a one might 
produce a toxic effect. These considerations compelled me to look for 
dosages that might be called to some degree wquiradio-active to potas- 
sium. Happily Rutherford’s Manual) gives the relative intensity of 
radio-active effects, both of the heavy and the light metals. 

Potassium, he states, is 1000 times weaker than the g; · radio- activity 
of uranium, uranium again is, 1,000,000 times weaker than the g- radio- 
activity of radium. If, moreover, we reflect that the B-radio-activity of 
radium amounts to only 1 p.c. of the total radio-activity of that element, 
it follows that the potassium in Ringer’s mixture is about 100 milliard 
times weaker than its quantum of radium. 

On the basis of Rutherford’s data we are in a position to compute 
for every radio-active element one wishes to substitute for potassium, 
the dose which, when diffused in a litre of circulating fluid, will sustain 
the amount of radiation produced by potassium in physiological con- 
ditions. For these calculations and a correction made I refer to previous 
publications(4). In collaboration with Mr T. P. Feenstra I succeeded 
in detecting that not only rubidium, but also uranium, thorium and 
radium can replace potassium(). When long afterwards I had at my 
disposal some ionium I compared a commercial preparation with a 
uranium-unit (which may be done as both emit a-rays) and readily found 
an effectual dosage. A similar result was achieved with lanthanum-, and 
cerium-preparations, which through the admixture of some actinium 
appeared to possess a trace of radio- activity. When an #quiradio-active 
quantum of them is added to a potassium-free Ringer’s mixture, they 
can sustain the beats of a frog’s heart for an indefinite time. 

In experimenting with ionium, lanthanum and cerium an impediment 
is met with in the impossibility of maintaining the salts used in solution 
in an alkaline fluid. Yet it is essential to sustain the weak alkalinity of 
the circulating fluid. In order to ensure this we added some neutral red 
in a Mariotte’s flask, from which the modified Ringer’s mixture was sent 
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through the heart via a Kronecker cannula under a constant pressure 
(8 em. water-pressure). When the ionium-, lanthanum-, or cerium-salts 
are added and neutralized with sodium carbonate, a precipitate is pro- 
duced which removes the active constituents from the fluid. (In the 
long run this is also the case with thorium-nitrate, which was used in the 
thorium-experiments, but with this substance I could continue the 
experiments for at least a few hours without precipitation.) 

All these impediments are obviated by transforming the thorium, the 
ionium, the lanthanum, and the cerium to a colloidal state, and by 
adding them to the potassium-free Ringer’s mixture. Both in the real and 
in the colloidal solution exactly the same dose of thorium is required (6). 

Thus a radio-active element, whichsoever it may be, added in a dosage 
quiradio- active to potassium, to a potassium-free Ringer's mixture, 
renders such a solution as effectual a circulating fluid for the heart of a 
cold-blooded animal as the original fluid. It may be that for weak hearts, 
and for hearts in a morbid condition K is somewhat better than Rb, U, 
Th, Ra, To, or Ac, but there is not much difference, and it is certain that 
strong hearts continue beating for hours. We also made a counter- 
experiment by trying to add non-radio-active elements. In this en- 
deavour it is a question of mere good luck, when the right dose is hit upon, 
as there is no guiding principle whatever. But neither my co-workers, 
nor myself, have ever encountered a non-radio-active element that could 
replace potassium in Ringer’s mixture. There is only one exception, viz. 
cesium (7), to which, however, radio-activity has repeatedly been 
ascribed. A cesium-preparation that was not capable of ionizing our 
ionization-chamber, was subsequently found to be physiologically active. 
We can attempt to solve this question only by assuming beforehand 
that the cesium atoms radiate indeed, but that their penetrating power 
is too low to drive their electrons out of the cœsium- layer that covers the 
floor of the ionization-chamber. Upon the basis of this working-hypo- 
thesis, in itself not quite rejectable, we are led to suppose that cesium 
contains g̃- particles with a velocity even less than that of the a-particles 
(which largely ionize the air) and also less than that of the electrons which 
are detached through photo-electricity. Perhaps they have the velocity 
of 5-particles. The logic of facts urges us, until more light is thrown upon 
this problem, to ascribe to cesium a radio-activity which reveals itself 
physiologically, but not physically so far as can be made out with the 
present means of experimentation. 

A striking result, achieved in our substitution-experiments is— 
premising #quiradio-activity—the equivalence of substances emitting 
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a- and B- rays. In order to observe this more closely the commercial 
uranium was deprived of uranium X after Soddy and Russell’s 
method c. This renders the uranium a true a-emitting substance. It is 
the same with radium, which when diffused in very weak dilution in 
Ringer's mixture, can, of course, not be expected in this highly diffused 
state, to be in equipoise with it decomposition products. In that case 
every one of the radium-ions exerts its influence quite independently. 
Ionium in colloidal state in the circulating fluid is also a true a-emitting 
substance. So is thorium applied either in the form of thorium-nitrate, 
first precipitated with ammonia and subsequently dissolved again in 
nitric acid, or as a colloidal thorium-hydroxide. 

All these a-emitting bodies, taken up in potassium-free Ringer’s 
solution in the proper doses, proved, as already stated, excellent 
potassium-substitutes, which when duly administered enabled the 
isolated frog’s heart to continue beating for hours. In similar experi- 
ments Kronecker’s method may be adopted, viz. a double perfusion 
cannula is slipped from the sinus venosus into the ventricle , or another 
method may be used by inserting a cannula both into the vene and into 
the aorta, in which case the circulation is maintained with the natural 
valve-mechanism. Tne recent method of Amsler(10) also proves effectual. 
Under all these circumstances the elimination of potassium from Ringer’s 
mixture finally leads to arrest of the cardiac action, whereas replacement 
of potassium by every one of the other radio-active elements restores it 
again. | 

In the latter case the result is the same whether an d- or a f- ray is 
applied. The systoles return when the other conditions are well chosen, 
such as: (1) an appropriate osmotic pressure, so that the concentration 
of the sodium chloride cannot fall below 0-4 p. c., nor rise above 0-8 p. c.; 
(2) an internal pressure of about 8 cm. of water; (3) a proper saturation 
of Ringer’s mixture with oxygen, which is guaranteed by the very con- 
struction of Mariotte’s bottle; (4) a weak alkalinity, which is shown by 
the yellow coloration of the added neutral red; (5) a precise amount of 
calcium, ranging from 200 to 400 mgms. of calcium chloride (without 
water of crystallization). In summer, we may encounter hearts falling 
short of vitality, as is also the case with the hearts of animals that have 
long been pent up, but an adept experimentalist will avoid all these 
self-evident difficulties, so that it is needless to point them out here’. 


1 The temperature should not deviate too much from the mean temperature. Severe 
cold has an unfavourable influence, causing an excessive tonus, so that the perfusion of the 
heart is disturbed. Exceasive heat is also fatal, as it lowers the spont y 


* 
A J 
4 
2 » 
Z 
* 
J 
Ao 
* + 
A, 
AN, 
aan" 
2 
a 
be 
a 
— 
* 
* * 
i. 


278 H. ZWAARDEMAKER. 


The facts I wish to accentuate are: (a) that substances emitting a- and 
B-rays serve our purpose equally well; (b) that about the same absolute 
radio-activity should be assigned to the doses used (in other words that 
the total kinetic energy of the emitted particles should be the same for 
every element); (e) that the modus of solution of the elements does not 
alter the result, provided precipitation is avoided. 

At the very outset of my inquiry I purposed to ascertain whether 
_there might be some substances that modify the action of our element or 
its substitutes. Though it is impossible to alter in any way the radio- 
active radiation of the atoms themselves, it might yet be possible to 
render the heart more responsive to radio-active influence or that it 
could be guarded more or less against that influence. We were so for- 
tunate as to detect a favourable substance, a sensitizer, viz. fluorescein 
(11, 12). The addition of a little of this aniline-dye (as sodium-salt) to 
the circulating fluid afforded an opportunity of diminishing the potas- 
sium dose considerably and the uranium- and thorium-dose much more. 
Afterwards another sensitizer was found in eosin, but its use is dangerous, 
because in order to ensure effect we must apply an almost toxic 
dose. 

An inhibitory influence on the access of radio-active atoms to the 
muscle-cells is exerted by another substance, viz. calcium. This might 
be expected from Loeb’s equilibrium- tests ds). Now, when there is 
much calcium in the circulating fluid, also much K, U or Th must be 
added and the reverse 4). Strontium and barium work similarly to 
calcium; magnesium, however, does not (8). 

The physical conditions under which the experiment is carried out 
(temperature, pressure, thermodynamic potential) are fairly easy of 
control, Not, however, the vital conditions. There always remain 
animals, whose hearts react perfectly, others whose hearts do so quite 
unsatisfactorily, which sometimes renders it extremely difficult to fix 
upon the appropriate dose, above all in the months between winter and 
summer and between summer and winter. This is the more difficult as 
the summer and winter dosages must not be equal. Dr S. De Boers) 
found in the summer doses of potassium, uranium and thorium to be 
considerably smaller than the corresponding winter doses. This was also 
the case when the calcium content was increased intentionally s. 


Methylene-blue, neutral red, hematgporphyrin, do not appear to be 
sensitizers. In a certain dose they are toxic. 


In summer the calcium content of the frog’s blood is twice as large 02 in winter 
(D. J. de Waard, Meeting of Physiologists, Amsterdam, 20 Dec. 1917). 
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In winter the uranyl nitrate doses may be raised to twice the original 
quantum, when the calcium chloride content is doubled. Evidently 
calcium exerts antitoxic influence not only on potassium but also on 
uranium. The immediate toxic effects reveal themselves much sooner 
in the radio-active substitutes of potassium than in potassium itself. 
Whereas in winter the dose of potassium-chloride may, even with a small 
calcium dosage, be raised to four times the normal dose and even higher, 
the uranyl nitrate dosage must not be raised higher than double the 
normal quantity. Likewise, with a low calcium dosage, the colloidal 
thorium hydrogen must not be raised higher than to about double the 
minimum dose. Also with regard to radium salt we are restricted to a 
narrow latitude for variation. This involves a great difficulty in assigning 
the appropriate dosage necessary to evoke the pulsations, especially in 
summer. This effort may be considerably facilitated by administering 
alternately a potassium-free Ringer’s mixture and the circulating fluid 
on trial. In case one happens to have too much, the heart will resume its 
systoles as soon as the excess is washed out by a potassium-free fluid. 
This, however, produces only a temporary effect, because in the long run 
there will be a deficit of the indispensable radio-active element, whereas 
on the other hand a permanent pulsation will ensue when the right 
solution has been hit upon. tate 

The cause of this anti-toxic action of calcium on potassium and on its 
radio-active substitutes, can be looked for in two directions. First of all 
it may be associated with a certain degree of tonus in the heart muscle, 
necessary for automaticity to show itself. The radio-active elements, in 
large doses, lower the tonus, calcium reinforces it. A proper equilibrium 
between these two is, therefore, one of the conditions to be fulfilled for a 
heart to be capable of contracting. I lay the stress on the capability of 
contracting, as omission of the calcium-ion from Ringer’s mixture does 
not interfere with the electrocardiogram, that remains intact(17). The 
other conception is an immediate anti-toxic action between the radio- 
active elements and the earth alkalis. The hypothesis would be only 
possible by assuming that the toxic action of calcium (also strontium 
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and barium) is neutralized by radio- activity, but in that case this toxic 
action should be itself of a radio- active nature, which is not the case. 
Among the potassium substitutes are light metals as potassium itself 
and rubidium, and heavy metals (all the other radio-active elements). 
They all are, when considered separately, sustainers of automaticity. 
However, when supplied collectively, so that in the circulating fluid a 
light metal occurs side by side with a heavy one, they counterbalance 
each other’s beneficial influences as well as their toxic effects. The 
reaction is reversible, for a little more or a little less of the light or of the 
heavy metal, makes the heart resume contractility (18). It also appears 


_ that there are certain doses which, when counterbalanced, give rise to a 


standstill. Whole series of such sets of two antagonistic metal doses may 
be found. The higher antagonisms are by no means multiples of the lower 
ones, for when in a graph the quanta are represented by their logarithms, 
straight lines will be obtained (19). 

In such a graph the points above and below these lines represent 
regular beats, provided we do not go too far from the equilibria. A frog’s 
heart (e.g.) can be safeguarded against potassium toxication by adding 
the harmless thorium to the circulating fluid. In order to avoid an 
extreme relaxation of tonus, which might be unfavourable for the result, 
the calcium content must also be augmented. This experiment fails 
with the mammalian heart, because the distance between the circulating 
blood and heart cells is too great. The rapidly migrating potassium-ion 
will very soon reach the muscle cells but the thorium-ion fails to do so 
within the time of experimentation. 

The season, fluorescein and the calcium content, determine to a 
certain extent the dosage of the radio-active elements taken separately. 
It may be expected, therefore, that the lines of antagonism will be in- 
fluenced likewise. This is really the case, but the factors in question do 
not interfere with the straightness of the logarithmic lines. When taking 
calcium in orderly quantities of 100, 200, 300, 400, 500 mgms. of chloride, 
without water of crystallization, these straight lines will even be found 
to run parallel inter se. I think this to be quite in character with the 
above exposition that the radio-active effects are influenced only in- 
directly by the coincident calcium amounts (20). 

After establi-hing the favourable effect of potassium and its sub- 
stitutes, as well as the antagonism between light and heavy radio-active 
atoms for the frog’s heart, the question arose whether something of this 
kind would hold for other organs also. The organs which in the first 
place are naturally suggested are those which are almost immediately 
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encircled by the blood flow. Dr J. Gunzburg@t) encountered such a 
case in his study of the function of the vascular endothelium. If a newly 
killed winter frog is perfused from the aorta. with normal Ringer’s fluid, 
which, because air-bubbles pass through it, is sufficiently saturated with 
oxygen*, even after 24 hours no edema will be observed of the sub- 
cutaneous lymphatic follicles, nor of the internal organs. No sooner, 
however, is the potassium omitted from the circulating fluid than a 
violent cedema is developed, which may cause an increase of body-weight 
of from 20 p.c. to 40 p.c. This edema can be prevented by replacing 
‘potassium by its substitutes (Rb, U, Th). The effectual dose is smaller 
than is required for the recovery of the cardiac automaticity. Excess is 
deleterious and gives rise to an oedema, which is hardly to be differen- 
tiated from that which is evolved through the lack of a radio-active 
constituent. The antagonism of the light and the heavy metals also 
made its appearance again, just as the mutual support of atoms of one 
and the same category. 

A third organ was detected by Hamburger and Brinkman(2). 
They had previously discovered that the glomerulus-epithelium of the 
frog’s kidney completely checks the glucose of the circulating fluid, 
when a well chosen Ringer's mixture is used, but that glucose appears 
in the urine directly the potassium is left out. Instead of potassium, 
uranium or radium may be taken in such a dosage as is required to pre- 
vent the cedema; nay, what is more, also the antagonism of potassium 
for uranium was found, when Hamburger and Brinkman were so kind 
as to comply with my request to trace it out. 

Also organs whose cells are separated from the blood, may be put to 
the test, if some contrivances are resorted to, many of which are sug- 
gested by the antagonism we discovered (23). One of them consists in 
adding per litre of potassium-free circulation fluid a few mgms. of 
uranyl salt (nitrate, acetate or sulphate) and after this, neutralizing the 
potassium that passes from the tissues into the circulating fluid, when it 
is sent, not through a lacuna system, as in the heart of the frog, but 
through a capillary system, which is environed on all sides bya potassium- 
containing tissue. After neutralizing the fixed potassium we are enabled 
to study the synapsis between vasomotor nerves and vascular muscles, 
the synapsis between vagus and heart muscle cells (24) and the myoneural 
transition between the motor nerve and the voluntary muscle cs). 


1 Supersaturation, ¢.g. by allowing pure oxygen to pass through, prevents edema; ® 
complete removal of calcium produces the same effect. Similarly the simple physiological 
common salt solution of former times does not generate edema. 
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Further the movements of the cesophagus and the intestine can be 
observed from the new view-point. In all these cases both the recovering 
effect and the antagonism can be proved. Whether there are still more 
organs, I shall leave for the present undecided. The new facts induced 
us to examine also emanation. Emanation is, as known, a chemically 
indifferent gas, Ramsay’s niton, which escapes from radium when this 
is kept in an aqueous solution. This niton also emits a corpuscular 
radiation of the nature of a-rays. When we put the appropriate amount 
of emanation in a potassium-free Ringer’s mixture (about 100 Mache 
units), a frog’s heart (brought to a standstill, through removal of potas- 
sium) will recover its pulsations, and also an emanation heart (treated 
similarly) will be under the influence of the antagonism. A sudden per- 
fusion of potassium-containing fluid causes an abrupt standstill, which 
will disappear at once on the inflow of potassium-free fluid i. It is again 
the niton-atoms that give the oligo-dynamic effect; but their number is 
so small that the quantum taken up in a litre of circulating fluid cannot 
be weighed. Nor do they exert any chemical action, for niton is an 
indifferent gas of the argon-type. Emanation manifests itself only 
through its radio-active properties, and it is through these very pro- 
perties that it partakes in the antagonism. 

The radio-active antagonisms, therefore, prompt us to divide all the 
radio- active atoms into two groups (27): 


Grovr I. Grovr II. 

Emitting 8-rays Emitting a-rays 
Potassium Uranium 
Rubidium Thorium 
(Caesium ?) Colloidal thorium 

Radium 
Colloidal ionium 
Colloidal lanthanum 
Colloidal cerium 
Niton (emanation) 


In their physical properties the two groups show but one contrast, 
viz., when alighting, the corpuscular radiation of the first group imparts 
a negative charge, those of the second one of the opposite sign 2. So, 
when counterbalanced cautiously, their actions can be mutually neutra- 
lized. Here, then, we have virtually to look for the origin of radio-active 
antagonism. 


1 Amsler’s method cannot be adopted for emanation tests, unless the fluid in which 
the heart is beating is shut up in a closed reservoir. 

* The kinetic effect, the inductive effect by their movement, the colloidal (lyotrope) 
effect, are of the same sign for either group. 
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In the foregoing two important principles have presented them- 
selves: 

(1) the property of radio- active atoms to restore and to excite the 
heart’s function, provided they are freely diffusible and in sequiradio- 
active dosage; | 

(2) the radio-active antagonism of these atoms, by which they are 
divided into two groups, which are characterised by the opposite signs 
of their corpuscular radiation. 

In this way radio-activity becomes a power in the functions of a great 
number of organs, a power that seems to exist apart from matter (28). 
This leads us to a far-reaching problem, viz. whether corpuscular radia- 
tion, as such, and apart from the atom, can also restore or excite the 
heart’s function. 

In the autumn of 1916 I obtained from St Antonius’ Hospital in 
Utrecht, a preparation of 6 mgms. (?) of mesothorium, enclosed in a 
glass bulb, and with my co-workers C. E. Benjamins and T. P. 
Feenstra (29) I began to radiate a series of hearts that had been brought 
to a standstill by removal of potassium. . When placing the preparation 
at lem. from an isolated heart, and permanently perfused with a 
potassium-free fluid, the pulsations returned invariably. This sometimes 
happened very soon (after 3 min.), sometimes after a considerable time 
(1 hour); the average time was 28 min. Removal of the mesothorium 
caused a standstill, while pulsation recommenced when the mesothorium 
was added again. After such repetitions the reaction follows sooner than 
after the primary restoration of the systoles. Once we succeeded five 
times running?. 

When mesothorium is allowed to remain in the proximity of the 
potassium-free perfused heart that has recovered its beats through 
radiation, the systoles will cease on an average after half-an-hour (re- 
versible, for removal of the preparation restores the cardiac action). It 
appears, then, that there are two kinds of standstill; the one caused by 
a deficiency, the other by an excess. By a simple method it can be made 
out which of the two threatens the faintly beating heart. The experi- 
mentator only has to break off the uninterrupted flow of potassium- free 
fluid in the previously radiated heart and to perfuse the organ with the 
complete fluid. If an excess of radio-activity is already present in the 
organ, the heart will stop abruptly after Ringer’s mixture has been 
introduced, whereas in case of a deficiency the pulsations, which are 

1 Only in summer, when the vitality of organs is weakened, it may occur that systoles 
fail to reappear. } 
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perhaps slackening or being interrupted at short intervals, will increase 
in rhythm and magnitude through the addition of Ringer’s mixture, and 
will persist for an indefinite time. 

Afterward we obtained two somewhat weaker preparations. With 
these approximately the same results were achieved, especially when we 
started not from a condition of potassium-free perfusion but from the 
condition of equilibria previously described. We generally used a solution 
of 40 mgms. of potassium chloride and 10 mgms. uranyl nitrate in a litre 
of potassium-free Ringer’s mixture. A weak radiation of B-rays causes 
the heart to beat on an average after 13 minutes. In such a case the 
organ may again be brought to a standstill (reversible) by adding an extra 
quantum of uranium to the circulating fluid. This quantum varies with 
the distance of the raying preparation. When plotting a graph with the 
logarithms of these quanta along the axis of the ordinates and the 
distances between the heart and the preparation along the axis of 
abscisse, a straight line will be obtained, of which the production will 
cut the axis of the ordinates somewhere. This point of intersection 
_corresponds for a preparation of about 5 mgms., covered up with mica, 
to 40 mgms. of uranium; for a preparation of about 3 mgms., also 
covered up with mica, to 19 mgms. of uranium (90). 

From the description of the preceding experiments the reader will 
have concluded that our radio-active antagonism previously met with 
between light and heavy metals, applies both to f- radiation on the one 
side and to perfusion with heavy metal on the other. Indeed, when 
taking a thorium salt instead of uranium the experiment also succeeded. 
We may safely range the corpuscular radiation of a f; nature under the 
radio-active antagonism on the side of the light metals. That the normal 
frog’s heart in situ shows no effect whatever of a weak radiation is quite 
in keeping with this. 

When at the beginning of our inquiry the problem of potassium re- 
placement was raised, it appeared that both light and heavy radio-active 
atoms, added in an appropriate dosage to the circulation fluid, are com- 
petent to restore the Jost automaticity. It was reasonable, therefore, 
to ascertain whether besides p- radiation also a-radiation could recover 
the systoles arrested through renewal of potassium. My co-worker 
G. Grijnsch found that polonium (precipitated by galvanoplasty on 
copperplate and bent round an isolated heart) restored pulsation in 
33 experiments four times unequivocally and ten times doubtfully. 
Obviously the much less rapid a-rays penetrate only with difficulty 
through the pericardium and consequently do not always reach the 
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points of the atrioventricular region! which are most sensitive for 
automaticity. 

Our radium-experiment with the heart induced my colleague H. J. 
Hamburger in the autumn of 1917 to carry out some radiation experi- 
ments on the kidney, with the assistance of D. J. de Waard@. The 
abnormal permeability for glucose, mentioned before, which occurs when 
the potassium is removed from the circulating fluid returns when the 
organ is radiated from a short distance with 5 mgms. of mesothorium 
(in a glass bulb). At the same time an cedema arose in,the kidney, which 
could be established by weighing. 

In the early summer of 1917 I observed with Dr J. W. Lely 3) the 
influence of mesothorium radiation on the excitability of the heart for 
the inhibitory action of the n. vagus. The result was positive. The 
action of the vagus was reinforced by it. 

These experiments with free radiation lend support to the above 
supposition that the radiation fields of the diffusible radio-active atoms 
promote the function of the organ. The question, however, is whether 
this favourable effect is direct or indirect. A direct effect would seem to 
be proved by the perfect analogy between the consequences of internal 
vagrant radiation and those of the radiation of the preparations arranged 
by the side of the heart, while an indirect effect would seem to be con- 
firmed by a continual liberation of a little potassium from the potassium 
depéts of the cells. In the heart 1 mgm. is loosened per litre of circulating 
fluid, a quantum in itself insufficient to sustain automaticity; neverthe- 
less it is set free continually, and, therefore, when the perfusion is dis- 
continued, it will sometimes generate a short series of contractions. The 
internal radiation causes no appreciable increment of the liberated 
potassium, but the chemical method by which we tried to ascertain this, 
is little sensitive. True, external radiation causes in the red blood cor- 
puscles of the horse a loosening of potassium, also when hemolysis is 
avoided (unpublished experiments), and it may be that the result 
achieved here, applies to all cases, but the question as yet is by no means 
set at rest. 

Meanwhile the hypothesis of an indirect effect of external radiation 
furnishes the advantage of removing the discrepancy between the in- 
activity of the permanent fields of radiation of the depé6t potassium on 
the one side and the remarkable activity of internal fields of radiation 


1 The frog’s heart in Kronecker’s method derives its automaticity sometimes from the 
auricles (then it yields after an extra systole a compensatory pause); at other times from 
the ventricle (then there is no compensatory pause after the extra systole). 
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on the other. This discrepancy is, therefore, reduced to a quantitative 
difference which is easy of explanation. Incessantly the permanent 
corpuscular radiation liberates some potassium atoms from the com- 
posite complexes of molecules of the gels of the muscle-cells and of the 
blood-corpuscles. This is easy to understand, for by the Bi-, as well as 
by the a-radiation a continual ionic movement is brought about in the 
sols and the gels of the tissues, which is sure to exert catalytic activity. 
But the permarent radiation of the fixed tissue-potassium is extremely 
weak, that of 3-6 mgms. of mesothorium or of radium, arranged by the 
side of an organ, is much stronger. This renders the i highly 
plausible. 

An experimentum crucis, by which the validity of this supposition 
may be tested, is the following. When a frog’s heart, after having come 
to a standstill through removal of circulating potassium, is made to 
pulsate again through polonium radiation the sudden supply of normal 
Ringer’s mixture must cause an abrupt standstill, if the action is direct; 
no change, however, will take place, if the automaticity is based on 
liberation of potassium. I have recently performed this experiment? and 
obtained the positive result (direct antagonism). 

In whatever way the effect of external radiation may be brought 
about, it is certain that radio-activity is a mighty biological factor, 
capable of restoring a lost function. Such a factor can act either as a 
cause, or as a condition. 

In physiology the term “cause” conveys a special idea, when the 
factor, which—under certain conditions—is considered as such, is 
extremely small relative to the effect it produces. In such a case the 
cause is called a stimulus, which is conceived to be equipped with a 
number of properties which experience has shown belong to many 

First of all there is a threshold value, below which no effect is seen, 
as is the case in our experiment. The quantum of potassium liberated 
incessantly from the potassium depéts of the tissues, is too small to be 
operative. This will happen only when the quantum is augmented by the 
migrating potassium-ions by which the stimulus rises beyond the 
threshold. 

A second property is the existence of an optimum beyond which an 
action does not increase any more. This peculiarity of stimuli in general 
also affected our experiment. As soon as the potassium dose is raised to 
from four to six times the quantum, or the uranium or thorium dose is 


1 Academy in Amsterdam, 1 Oct. 1919, 
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doubled, toxic effects a are noticeable which at the beginning are still 
reversible. 

A third property is the inactivity of permanent equable stimuli, and 
activity as soon as a certain difference of intensity manifests itself. We 
encounter this peculiarity in the inactivity of the penetrating radiation 
of the potassium depét of the muscular tissue, but we do not know 
whether the immediate cause is to be found only in the equable nature 
of the permanent radiation, or also in that the cells adapt themselves in 
their threshold to the intensity of this radiation, for the very reason that 
this intensity is permanent. 

A fourth property is that which is called in many systems the “all- 
or-none” principle. We encounter it in many of our cases in a sudden 
and vigorous recovery of the function, when the supply of the radio- 
active atoms or of the internal corpuscular radiation has continued long 
enough. 

Finally, that the causative agent is really small compared with its 
effect follows from the oligodynamic character it assumes in a number of 
cases. In virtue of the circulation experiments, in which to the initially 
inactive circulating fluid a trace of radium was added, I have estimated 
the intensity of the stimulus at about 107 erg. This is of the same order 
as that which must be assigned to the small adequate stimulus, which 
provokes a just perceptible action of the higher senses (34). 

This marked resemblance between the radio-active physiological 
action and the properties of a stimulus justifies us to consider the radio- 
active influence on the organism as a stimulation. “Condition” has 
hardly any effect upon the facts as they present themselves to us. For, 
if it had, a perfectly equable radiation would then be competent to fulfil 
the conditions in the end, as e.g. that of the potassium depét, which has 
such a penetrable power that its half-value is reached only at 1 mm. from 
the source. 

Without this difficulty the action would be quite easy to explain, 
because a permanent radiation as Hardy (35), Fernan and Paulie and 
Collwell and Russ eh have taught us, may modify the fluidity of pro- 
tein solutions. Meanwhile, there is always a possibility that the influence 
upon the fluidity alluded to, could be acting as a permanent in con- 
junction with a stimulating action exerted by the fluctuating ions. But 
an investigation into the realization of this possibility would be an en- 
croachment on the territory of tonus-actions, which is not on our pro- 
gramme. Nor do I wish to discuss another point, that might perhaps 
elucidate the direct inactivity of the permanent radiation of the potassium 
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depot. I mean “screen-action,” which might be exerted by the iron 
atoms in certain parts of the cell’, by which these parts in contradis- 
tinction to others, are isolated from the influence of corpuscular 
radiations. 

CoNCLUSIONS. 


1. Ina large number of systems the potassium atom may, as regards 
function, be replaced by all the other radio-active elements, the heavy 
ones as well as the light ones, provided the dosages are squiradio-active. 

2. When applied simultaneously the substances emitting a-rays and 
those emitting B-rays are reciprocally antagonistic. 

3. Potassium is (as bearer of the physiological radio-activity) for 
many cells a stimulus, which can restore and sustain function when it is 
brought in contact with the surface of the cells, as a free, diffusible ion 
in the circulating fluid. 

4. A free radio-active radiation can take the place of potassium, 
when previously the potassium is omitted from the circulation. 
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STUDIES IN THE REGENERATION OF DENERVATED 
MAMMALIAN MUSCLE. III. Effects of Massage and 
Electrical Treatmenti. By F. A. HARTMAN AND 8./Sgt W. E. 
BLATZ. 


(Conducted by the Research Committee Medical Services, Department of 
Militia and Defence, Ottawa, Canada, in co-operation with the Military 
School of Orthopedic Surgery and Physiotherapy, Toronto, and the 
Physiological Laboratory of the University of Toronto, Toronto, 
Canada.) 


In a recent study d) we employed a functional test in an attempt to 
discover whether massage benefited denervated muscle. No decided 
effect appeared to be produced by such treatment. Our test at that time 
was open to the objection that the muscles required dissection. This 
interfered with the blood supply to some extent and permitted only one 
test upon an animal. In order to reach a more definite conclusion we 
have devised a test which could be applied without dissection of the 
muscles and therefore could be repeatedly used upon the same animal. 
Thus the condition of the muscle could be studied throughout the course 
of the experiment. In many cases the animal has been tested every 
week. All of our experiments have been continued for a number of weeks 
after the operation and many for several months after some of the 
regenerated nerve fibres have become connected with the denervated 
muscle. 

Methods. As we have stated above, the essential difference between 
the methods of this research and those of the previous one lies in the 
functional test. The animal was prepared by closely clipping the hair 
from the skin above the gastrocnemii and from a spot on the back in the 
region of the sacrum. The legs were thrust through holes in a canvas 
sling (Fig. 1) where they were held by an assistant. Straps were fastened 
across the back to hold the trunk. Ether was then administered by 


Approved for publication, J. T. Fotheringham, Major-General, C. M. G., Acting 
Director-General of Medical Services, Ottawa, Canada, 27th October, 1919. 
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means of a mask. This manner of anesthetising was adopted after 
having tried such methods as confining in a box or holding on an animal 
board, The objection to both of the latter methods is, that during the 
struggling just previous to loss of consciousness, the two hind limbs 
appeared to be unequally exercised, thus introducing different “ stair- 
case” effects. However, when the limbs are hanging from a sling and 
are held firmly by an assistant the animal does not struggle as much 


since the feet are not in contact with any solid surface. The struggling 


in this case is confined chiefly to a few vigorous movements of the trunk. 


lq 


Fig. I. Sling to hold rabbit while being anesthetised. 


The holes for the front and hind limbs must be placed far enough apart, 
and the strap across the back of the rabbit must be taut enough to 
prevent extensive movement of the body, otherwise the animal may 
struggle vigorously enough to injure the spinal cord. 

The rabbit was next placed on an animal board in the position 
shown in Fig. 2. The two hind feet were fastened into simiiar aluminium 
sandals by means of leather thongs, great care being taken to place the 
ankle-joint opposite the pivot of the sandals. It is extremely important 


that the two limbs have the same relative position in the sandals, for 
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the Jatter act as levers, the moments about the fulcrum of which must 
be equal. 

A large electrode covered with layers of cheesecloth was applied to 
the shaved spot on the back, after both skin and electrode had been 
saturated with isotonic NaC] solution. A broad piece of canvas held the 


Fig. 2. Apparatus for testing the flexor muscles of the rabbit. 


electrode and the animal in position by means of thongs fastened to the 
board. The stimulating electrode consisted of a brass rod set in a wooden 
handle. The end was covered with cheesecloth and frequently dipped 
in salt solution. The shaved areas above the gastrocnemii were also 
thoroughly soaked with salt solution. 

The after-loading screw was adjusted so that there was no initial 
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7 tension on the muscle and the load was picked up at the beginning of 
the contraction. This was of great importance as initial tension was 
found in some instances to increase the contractions considerably. 
The current for stimulation was obtained from D.C. 110 volt circuit, 
which was reduced by a nichrome ribbon in the circuit. Our apparatus 
was so arranged that we could use 30, 40, 50, or 65 volts, as these voltages 
were found most suitable in producing maximum contraction. The 
current was no more than 0-1 ampere. The cathode, which was the 
3 stimulating electrode, was applied to the skin above the gastrocnemius 
about half-way up. The right and left muscles were always stimulated 
alternately, thus ruling out any variation due to changes in blood- 
} pressure resulting from ether effects. , 
The animals were kept under light ether anesthesia. On account 
of the frequent tests and the susceptibility of rabbits to over-anesthesia 
the reason for this is obvious. : 
Each test was begun by using 30 or 40 volts for stimulation. Then 
| a series of contractions using 50 volts was secured and finally another 
, using 65 volts, if there was any doubt as to the maximal contraction 
| being produced by 50 volts. 40 volts was usually sufficient to induce 
maximal contraction, although the higher voltages were used in order 
to make certain that all of the muscle fibres were brought into action. 
* There hardly seems to be any question as to this point since frequently 
the effect produced was so great that it caused maximal contraction in 
that leg which was not touched by the electrode. On the other hand, 
the current did not seem to be strong enough to injure the muscle. 
Each series of contractions at any one voltage consisted of an 
adequate variation of the load as well as a sufficient number of contrac- 
bs tions to ascertain the maximum work from the muscles. The load 
used at the start of each series was just enough to keep the writing 
point on the kymograph. Increments of 50 or 100 gms. were then added 
Aurtil it was certain that the optimum load had been passed. 

In this manner parallel sets of contractions were obtained of the 
right and left muscle groups. The muscles involved in this test were 
the gastrocnemius, soleus, popliteus, plantaris, and flexor digitorum 

longus. 

5 In calculating the work done the weights of the scalepan and the 
| lever were included in the load. The vertical distance through which 
the load was lifted was found by reducing the record taken on the 
kymograph by the magnification of the lever. For purposes of com- 
parison, it was found that the work of a single contraction performed at 
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the optimum load represented best the power of the muscle. This must, 
of course, be taken from a set of maximal contractions. The power of 
the right and left muscle groups was calculated in this way in gram- 
centimetres. 

We can illustrate the method of comparing the power of the two 
muscles by reference to Fig. 3. The maximal contractions occur at 
30 volts in both right and left limbs. The optimum load is found by 
calculating the work done at different loads. On the right this is 450 gms. 


450 x 15-9 
15 2 


Fig. 3. A set of tracings used for comparison of the strengths of the right and left 
muscle groups. See text for method of calculation. | 


On the left the optimum load was 600 gms, 


600 x 158 
15 


The large number of contractions which we obtained from each 
muscle group also showed their relative resistance to fatigue. The 
stronger group, as shown by the work done at the n contraction, 
was usually less easily fatigued. 

In the majority of our experiments the animals were tested a number 
of times before denervation in order to find out whether the right or 
left muscle group was stronger. Then, while under the influence of 
ether and with the observance of aseptic precautions, the flexor muscles 
below the knee were denervated by cutting or crushing the sciatic 
nerve. In the majority of cases where the nerve was cut the two ends 
were drawn together by a fine silk suture. The nerve was crushed by a 


= 630 gm. om. 
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mosquito hamostat, the jaws of which were covered by a wrapping of 
cotton. 

These denervated muscles were usually tested one day after the 
operation. Either massage or electrical treatment was begun during 
the four days following the operation, usually on the second day. The 
right and left leg were subjected to passive movements three times each 
day to prevent stiffening of the ankle joint. Later it was found advisable 
to increase the number of passive movements. Massage consisted of a 
gentle kneading and stroking of the denervated muscles of the right leg 
once every day with the exception of Sunday. Massage was given either 
by graduate masseuses or by members of the class in massage under the 
supervision of Miss Findley, head masseuse, Military School, O. S. and 
P., and demonstrators. 

For treatment the animals were either held by an assistant or fastened 
to an animal board. When the board was used the head was fixed by 
a horizontal rod between two uprights while the body was held by a 
broad canvas band across the back. After becoming accustomed to the 
treatment many of the rabbits required only the use of the canvas band. 

The electrical treatment used was entirely galvanic, the source of 
current being in this case, dry cells. A large resistance was placed in 
the circuit in order to render the skin resistance negligible. The animals 
were fastened to animal boards and after clipping the hair from above the 
gastrocnemius group of muscles, a plate electrode was placed on the 
right thigh while the active electrode was applied to the region above the 
right gastrocnemius. If the plate electrode was placed on the back or 
too high up, the current often produced some contraction in the left 
leg, which was to be avoided. Electrodes and skin were kept soaked with 
0-8 p.c. NaCl solution. The circuit was so arranged that the point 
electrode was the cathode. In order to reduce the amount of metallic 
salts which would be carried into the tissues from a copper or zine rod 
by electrolysis, a small “arc” carbon was used as the electrode. One 
end of the carbon rod was wrapped by the copper wire connection, the 
latter being held in place by a piece of rubber tubing which fitted 
snugly over the rod. The tip of the rod was wrapped in cheesecloth and 
when soaked with salt solution made an excellent electrode. | 

The treatment consisted of a series of makes and breaks produced 
by connecting a metronome in the circuit. It was found necessary to 
vary the current from day to day in order to produce approximately 
the same amount of contraction. Three variations of electrical treatment 
were used; firstly, a strength of current which produced a contraction 
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barely perceptible; secondly a current which caused a moderate con- 
traction; thirdly, a current which produced a vigorous, though not a 
maximal contraction. This method of judging the extent of the con- 
traction is at best only approximate as will be readily realised. 

Treatments with minimal contractions were applied to but one 
animal, a contraction being produced every second for 15 minutes, 
each day. When moderate contractions were desired treatment was 
confined to from five to 15 minutes. In one series stimulation was 
given every second during the whole period and in the other series, every 
second during every other minute. Those rabbits treated with vigorous 
contractions were stimulated every second during alternate minutes 
for periods ranging from four to ten minutes. 

The voltage and amperage used in every treatment were determined 
and recorded daily. The highest voltage, 30, was very rarely used and 
only in treatments where vigorous contraction was desired. The current 
usually employed ranged from 6 to 20 volts, and from 1 to 10 milli- 
amperes. Within a week or ten days after denervation a greater voltage 
was required to produce the same amount of contraction, e.g. a rabbit 
which required a current of 6 volts to produce a moderate contraction 
immediately after denervation, required 21 volts ten days afterwards 
to produce a similar result. 

The denervated legs were protected by padded aluminium boots 
described in an earlier research(1). We found that protecting abrasions 
with licht wrappings of absorbent cotton prevented the development a 
ulcers, in many cases. 

ten days. The animals were weighed every three or four weeks. All 
experiments were discarded if ulcers developed which might interfere 
with the muscles or if the ankle joint became too stiff to permit sufficient 
movement in indicating the actual power of the muscle. 

The rabbits were tested for regeneration of the nerve fibres every 
week except in the earlier experiments. This was done by holding the 
animal up by the ears or skin of the back and then by sudden upward 
pressure of the other hand on the toes to ascertain whether any reflex 
or voluntary resistance was offered. In the early stages of regeneration 
the resistance is clonic in form. As regeneration progresses the resistance 
becomes steadier, and less clonic and finally the stage is reached when 
clonus entirely disappears, being replaced by steady resistance. This is 
typical of the normal muscle. 

Repeated ether anesthesia appeared to produce no decided ill effects 
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except perhaps a loss in weight. The weight lost after denervation was 
no doubt in part due to the atrophy of the denervated muscle, for after 
regeneration the weight was regained and might even become greater 
than at first, although the animals continued to be anesthetised at 
frequent intervals. The loss in weight varied from 10 to 20 p.c. 


REsvULTs AND Discussion. 


Massage. The results can be shown most clearly by graphs (Charts 
I-VI). The most striking feature is the invariable decrease in the power 
to respond to stimulation. This occurred in from ten to 15 days 
after denervation and was recovered from very gradually. There was 
absolutely no difference between the treated and control muscles in 
this respect. 

From a number of tests made both before and after denervation we 
have come to the conclusion that those made immediately after denerva- 


tion indicate the relative power of the muscles just as accurately as 


those made before the operation. Moreover, tests made after denerva- 
tion possess the added advantage of ruling out possible central nervous 
influences. Of 43 rabbits tested before denervation 58 p.c. were unques- 
tionably left-footed, 25 p.c. were right-footed, while the balance were 
equal or doubtful. The same animals tested the next day after denerva- 
tion showed that 63 p.c. were left-footed, 32 p.c. were right-footed and 
the balance were equal or doubtful. Therefore we have used only the 
test after denervation to show the relative strength of the muscles. 

We have demonstrated that there is a predominance of strength in 
the left leg of the rabbit as was also shown in a previous research (1). 
Of 60 rabbits tested in the present research 53 p.c. were left-footed, 
28 p.c. were right-footed and the balance were doubtful. 

One month after denervation, of 46 animals, 54 p.c. had stronger 
control groups (left), 30 p.c. stronger treated muscle groups, and 16 p.c. 
were doubtful. It appears from this that treatment produced no benefit. 

Two months after denervation, out of 36 rabbits, 61 p.c. appeared 
to be benefited by massage. This was determined by a comparison with 
the relative power of the muscles at the time of denervation. 

At three months most of the treated muscles showed no benefit, in 
fact, only 20 p.c. of the 35 rabbits had stronger treated muscles (see 
Charts III- VI). 

At four months 41 p.c. of 29 anianle appeared to be benefited by 
massage and at five months the percentage had dropped to 23 p. o: of 
17 animals. 
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In a general survey of the plotted curves one is at once struck with 
the frequent fluctuation which in some cases becomes great enough to 
produce a reversal in the relative strength of the two sets of muscles. 
This does not appear to be due to the method of testing because in a 
number of instances we have taken an animal entirely away from the 
apparatus after having secured a set of records and then, either within 
a few minutes or a few hours, a second set of contractions was made, 
with similar results. These fluctuations occur more frequently in the 
animals which have complete regeneration of some of the nerve fibres. 
They are not due to tight boots or other interference with the circulation 
for we tried the effect of enclosing one foot in a boot and having the 
other as a control without producing a change in the relative strength 
of the muscles. Moreover, we have actually tied off some of the blood 
vessels without result. The femoral vein was constricted by a ligature 
in such @ way, that the limb became congested. Tests a day later showed 
no change in power. 

The only method of ruling out the accessory factors is by a large 
number of observations on each animal over a considerable period of 
time. A careful study of the graphs of 36 animals whose treatment 
extended over a period of 60 days or more showed that 75 p.c. received 
no benefit from massage using as a criterion the tests made immediately 
after denervation. The difference between the treated and control 
muscles of the 25 p.c. benefited was not great and may not have been 
due to treatment but to accidental variation. 

There was a consistent difference between the regeneration of the 
nerve fibres to the muscle in those cases in which denervation was caused 
by crushing and those caused by cutting and suturing. This was indicated 
by the fact that the muscles of the latter were much slower to recover 
their power and also that the reflex resistance test showed a much earlier 
recovery in the former. Where the nerve was crushed reflex resistance 
from the muscle began to appear in a little more than two months while 
in the cases of cutting and suturing reflex resistance did not appear 
until three or four months (Charts IV, V and VI). Here again we have 
evidence of the futility of massage because both treated and untreated 
muscles consistently remain at a lower level of power in the cut and 
sutured nerve cases as compared to the crushed nerve cases. 

The more rapid regeneration in crushed nerves is not due to the 
uninjured axis cylinders for we took particular care to crush thoroughly, 
and moreover microscopic examination of such nerves showed no intact 
axis cylinders. Nerves examined four days after crushing presented 
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various degrees of degeneration in different fibres, yet no intact axis 
cylinder could be found. The nerves were studied by teasing in glycerine 
water and then staining with acid fuchsin. 

It is quite significant that a cut and sutured (primary) nerve should 
require many days longer to show regeneration similar to that occurring 
in a crushed nerve. In crushed nerve cases it will be noticed that in those 
rabbits which have been kept for four or five months after denervation 
both treated and untreated muscles became decidedly- stronger than 
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Chart VI. Similar to Chart V. Explanations the same as in 
preceding charts. 


they were at the time of the operation (Charts V and VI). This was 
probably due to the fact that at the time of the operation most of the 
animals were not completely grown and therefore a general development 
progressed, the denervated muscles recovered sufficiently to finally 
outstrip their former capacity. c 

Electrical treatment. The denervated muscles of 24 rabbits were 
treated as described above“ The results are given in the form of graphs 
(Charts VII to IX). The nerves in all of this series were cut and sutured. 
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This accounts for the slow recovery of the muscle as judged by the 
resistance test and the power of the muscle to contract when stimulated 
(compare with animals in which the nerves had been crushed, Charts V 
and VI). The graphs of this series are very similar to those of the massage 
series in showing no benefit from treatment. There was a gradual loss 
in the power to contract following denervation and then there was the 
fluctuation in power, both being independent of treatment. The amount 
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Chart VII. Showing loss in power of muscle to contract to galvanic stimulation 
after denervation. Electrical treatment did not prevent this change. Solid 
line indicates treated muscle; broken line control. Heavy vertical line in- 
dicates time of denervation. Each small division on the ordinate represents 
100 gm. em. of work; each small division on the abscissa, two days in 
time. All nerves in this and the succeeding charts were cut and sutured. 


Treatments indicated by numbers. 


4. Moderate contraction from stimulation every second during every other 
minute for ten minutes. 

6. Vigorous contraction from stimulation every second during every other 
ten-second interval for four minutes. 


of treatment did not seem to make any noticeable difference. To 
generalise, these results seem to show that galvanic stimulation to the 
point of producing moderate contraction, is not beneficial either in 
preventing degenerative processes or in assisting recovery. 

Reasons. for failure of treatment. Both massage and electrical treat- 
ment for denervated muscle seem to have been used with the idea that 
the muscle was in a state of inactivity and therefore needed something 
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to improve the circulation and give it exercise. This idea has no doubt 
arisen from the fact that, to the ordinary observer, such a muscle does 
appear to be inactive and after a time it degenerates to such an extent 
that there is marked loss in weight. Knowing that judicious exercise 


increases the weight of a normal muscle it was perfectly natural to 
attempt to exercise the denervated muscle. 
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Chart VIII. Similar to preceding. Treatments indicated were as follows: 

Moderate contraction from stimulation every second for 15 minutes. 

See Chart VII. 3 

Vigorous contraction from stimulation every second during every 

other minute for ten minutes. 

See Chart VII. 

. Vv contraction from stimulation second 0 

upward pressure on the toes. 
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However, it was shown by Schiffe) many years ago that denervated 
muscle is not inactive but is more or less constantly twitching or 
fibrillating throughout. He made a careful study of fibrillation in 
denervated muscle. After cutting the hypoglossal nerve on one side 
the corresponding part of the tongue was motionless for three days. 
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From the third to the fifth day a few muscle fibres began to twitch, the 
movement soon spreading all through the denervated region. The onset 
of the fibrillation coincided pretty much with the time when the irrita- 
bility of the nerve was lost so that as soon as fibrillation had become 
well developed the nerve had absolutely lost its irritability. The 
fibrillation persisted for weeks or months but after three or four months 
became weaker. Schiff also observed fibrillation of denervated leg 
muscles. He thought at first that this was due to the stimulus resulting : 
from exposure to the air. He concluded, however, from his observation 
on the denervated tongue that fibrillation occurred independently of 
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Chart IX. See preceding charts for explanations. 1 
ae Minimal contraction from stimulation every second for 15 minutes. 


an external stimulus. Even better proof, we think, was his experiment 
on the muscles of the face. Four or five days after cutting the facial 
nerve in the dog the fibrillation of the muscles caused oscillations of the 
hairs. This persisted as long as the paralysis lasted. Recent work 6, 1) 
has confirmed the observations of Schiff. 

These facts, as pointed out by Langley), give us an entirely 
different viewpoint. A denervated muscle is active. Therefore, does it 
need more activity? That is difficult to say. It is quite possible that 
even fibrillation is more than the muscle can endure. If such were the 
case, the loss in weight and power of the muscle would be explained. 
A better lead would seem to be to try and find a treatment which would 
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reduce the incessant fibrillation. Langley (4) was able to stop fibrillation 


for a few minutes by the injection of a solution of CaCl,. This method 
is not feasible because the effect is only transient. 


In our experience massage does not appreciably reduce fibrillation. 
The denervated muscles of three rabbits were massaged for periods of 
time varying from five minutes to 20 minutes. This was done after 
previous inspection of the exposed muscle to note the extent of fibrilla- 
tion, and then covering the muscle by replacing the skin. Both the right 
and left gastrocnemii were observed and treated in this way without 
any apparent reduction of the fibrillation. In a similar manner we have 
studied the effect of galvanic stimulation on fibrillation. In each 
instance the muscle was inspected before and after stimulation and 
was protected by the skin during treatment. 

The following are the protocols of ** experiments. As mentioned, 
they were all on rabbits. 


Expr. I. Gastrocnemius. 

Before treatment. Fibrillation just noticeable upon exposure. 

Treatment. Very vigorous contractions each second every other ten second interval 
for four minutes. Voltage 22-5. 

After treatment. No fibrillation visible until two minutes after treatment. It was 
then very slight and returned slowly to normal, i. e. to that present before treat- 
ment. 

Exr. 2. Gastrocnemius. 
Before treatment. Fibrillation very marked. 
Treatment. As in preceding. Voltage 13-5. 


After treatment. Fibrillation still perceptible although slightly more sluggish. 
Returned to normal in a very short time. 


Exr. 3. Gastrocnemius. 
Before treatment. Fibrillation very marked. 
Treatment. As in preceding. Voltage 18. 
After treatment. No fibrillation visible until four minutes after treatment was 
completed. Return to normal was very slow. 


Exp. 4. Right gastrocnemius. 
Before treatment. Fibrillation very pronounced. 
Treatment. As in preceding. Voltage 19-5. 
After treatment. No sign of fibrillation for five minutes. Soon it began to show. At 
20 minutes after treatment it had approximately reached normal. 


Left gastrocnemius. 
Before treatment. Fibrillation marked. 
Treatment. As above. Voltage 18. 


After treatment. Fibrillation not visible one minute after but returned to normal 
in six minutes. 
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Exp. 5. Right gastrocnemius. 
Before treatment. Fibrillation very marked. | 
Treatment, As above. Voltage 12. 
After treatment. No fibrillation until one minute afterwards. 
Left gastrocnemius. 
Before treatment. Fibrillation very marked. 
Treatment. As above. Voltage 10-5. 
After treatment. No fibrillation for two minutes afterwards. 


Expr. 6. Left gastrocnemius. ’ 
Before treatment. Fibrillation not very marked. 
Treatment. Moderate contraction each second during every other minute for ten 
minutes. Voltage 12. 
After treatment. No fibrillation for three minutes and then return was slow. 


Before treatment. Marked fibrillation developing a few seconds after exposure. 
Treatment. Moderate contraction each second of every other minute for six minutes. 
After treatment. Fibrillation returned in a minute, although less than normal. 


Electrical treatment ag administered by us, therefore, reduces 
fibrillation for a very few minutes only. It cannot be of much use on 
this account in preventing fibrillation. According to the above all that 
can be done for a denervated limb is to protect it from abrasion and keep : 
the joints mobile by means of passive movements. Our results seem to 
contra-indicate exercise as a mode of treatment. If some m could 
be found which would more or less reduce the fibrillation it would seem 
very desirable. Massage and electrical treatments do not accomplish 
this!. 

We wish to thank especially for their assistance in this research 
Misses Joan Campbell, J. Halliday, K. Halliday, D. Hearn, N. Hearn, 
E. Jamieson. 

Some experiments have been omitted from the Charts (indicated by 
the numbering), these gave the same results as the experiments shown. 


_ Summary. 

1. A functional test is employed which makes it possible to compare 

the relative power of the gastrocnemii groups of the two limbs at 
frequent intervals. 


2. The muscles of the left leg in the normal rabbit appeared to be 
stronger than those in the right leg. 


We are conducting a further research in which the suturing of the cut nerve is delayed. 
Both massage and electrical treatments are being used in treating the denervated muscles. 
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3. Denervated muscles of 58 rabbits were massaged daily for periods 
of time ranging from two to 20 minutes. 

4. Denervated muscles of 24. rabbits were treated daily by galvanic 
stimulation. 

5. Denervation was followed in a few days by a loss in power of 
the muscle to contract in response to galvanic stimulation. 

6. Muscles which had been denervated by crushing the nerve 
regained both their voluntary power and power to respond to galvanic 
stimulation several weeks before those which had been denervated by 
cutting the nerve. 

7. Massage did not materially affect fibrillation while galvanic 
stimulation reduced it for a few minutes only. 

8. Neither massage nor galvanic stimulation appeared to benefit 
denervated muscle. Neither form of treatment hindered the loss of 
galvanic response or hastened the recovery of the muscle. 
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THE RELATION OF THE ANIMAL CELL TO ELECTRO- 
LYTES. I. A Physiological Study of the Egg of the Trout. 
By J. GRAY, M.A., Fellow of King’s College, Cambridge. 


Tue eggs of the trout are laid during the winter months, from November 
until March. As is well known, however, the genital products can be 
obtained from the ripe fish, and fertilisation can be satisfactorily per- 
formed under artificial conditions. Owing to the courtesy and generosity 
of the Surrey Trout Farm Association I have been able to obtain a 
constant supply of a material which is admirably adapted to a con- 
sideration of the problems under investigation. : 

The object of the present work is to throw some light if possible on 
the relation of.the electrolytes within the cell to those of the medium in 
which the egg is immersed. 

There are, however, a few points in connection with the normal 
fertilisation of the egg which it is desirable to miention. At the breeding 
season the adult fish retire to the upper reaches of the river or to its 
smaller tributaries. The female fish selects a patch of sandy gravel, and 
by means of her tail, scoops out a hole or redd into which she sheds the 
eggs. The female fish is closely followed by the male who pours the sperm 
over the newly laid eggs. By agitating the water the fertilised eggs are 
covered up with gravel, and the spent fish drop down stream. Now, two 
facts are well known to all breeders of trout: (i) Only a comparatively 
low percentage of eggs in a redd appear to be fertilised; one authority 
gives the figure of 8-10 p.c. (ii) The “dry” method of artificial fertilisa- 
tion will provide at least 90 p.c. of fertilised eggs. In this method the 
ripe eggs are mixed with sperm without the addition of any water; 
after mixing, a little water is added, the eggs are allowed to stand for 
about 1 hour, and are then transferred to clean water in a hatchery. 
The reason for the efficiency of this method is obtained by a study of the 
ripe spermatic fluid. The spermatozoa in the spermatic fluid are quite 
motionless; if the fluid is poured into water and the resultant suspension 
examined under a microscope little or no movement can be detected, 
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and such suspensions will only fertilise a few eggs even if added to the 
eggs at once. If, however, a very small drop of sperm is placed in the 
centre of a drop of water, the spermatozoa near the junction of the two 
drops are seen to be intensely active: the region of activity gradually 
extends towards the centre of the sperm drop, but by the time this 
process has advanced the spermatozoa at the periphery are practically 
motionless. In other words, the spermatozoa are only motile when they 
come into contact with water—also the period of motility is extremely 
short, namely 14-2} mins. It is therefore clear why the “dry” method 
of fertilisation is so much more effective than the “wet” method. When 
the sperm and eggs are mixed together and water then added, each egg 
is surrounded by highly motile spermatozoa, so that fertilisation is 
- assured, When the sperm is added to eggs which are immersed in water, 
the period of motility of the spermatozoa is over before they reach the 
majority of the eggs. The low percentage of fertilised eggs in a natural 
“redd” would appear to be due to similar causes, namely before the 
sperm can reach all the eggs after leaving the body of the male the 
period of movement is passed, so that only those eggs which are nearest 
to the male are probably fertilised. It has been fully established by 
Blanc@) that the actual entrance of the sperm nucleus into the egg 
takes place within 3 min. after mixing the egg with sperm. 

It is noticeable that the spermatozoa are very much more sensitive 
to toxic agents than are the newly hatched fish. Young fish (with or 
without yolk sacs) will live for a considerable time in -0003 M. lanthanum 
chloride solution. In this solution the spermatozoa instantly form a 
dense “clot” and can be lifted as a film on the point of a needle. Even 
in 00005 M. lanthanum chloride the spermatozoa are quickly agglu- 
tinated into macroscopic clumps. It is possible that this hypersensitivity 
of the spermatozoa may be the cause of the failure of fish to reproduce 

in certain polluted waters, although the fish appear quite healthy. 
: The Material. The eggs of the trout form a satisfactory material for 
an investigation into the relationship of the internal electrolytes of the 
egg to the external medium and to the other constituents of the cell. 
They are obtainable in large numbers, they are free from extraneous 
mucus or jelly, and are simple to manipulate: the different phases of the 
egg can be investigated separately, and the advent of post-mortem 
changes is quickly visible to the naked eye. The eggs used in these 
experiments were those of the Brown Trout and the Rainbow Trout. 
The diameter of the eggs is about 4-5 mm., the eggs of the former 
species being somewhat larger than the latter. The egg is enclosed in a 
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tough colourléss membrane’, which is difficult to break by ordinary 
pressure. The egg can be punctured by a sharp needle, after which it is 
simple to express the contents of the egg. During life the eggs are 
almost completely transparent, but dead eggs very rapidly become 
opaque and milk-white in colour. 

Fig. 1 is a diagrammatic section of a normal egg. The large bulk of 
the egg consists of a somewhat viscous liquid, which is quite transparent 
and pale yellow in colour. This liquid has a considerable osmotic pressure 
and is a very fair conductor of electricity. Between this “yolk” or 
internal phase, and the external medium (water) are two membranes. 
The inner membrane is a very thin microscopic layer of protoplasm 


which at one point is thickened into the germinal disc. The outer mem- 
brane of the egg is the egg-shell, which is at first fragile, but which 
eventually becomes resistant to pressure. 

If we consider the case of the living cell from its simplest point of 
view, our conception is somewhat as follows. On the outside of the egg 
is an extremely dilute solution of inorganic salts (fresh water); in the 
interior of the cell is a solution containing a moderately high percentage 
of electrolytes, the osmotic pressure of which is very much higher than 
that of the surrounding medium. The problem arises, therefore, what 
are the forces which maintain the high concentration of electrolytes 
within the living cell. It is obvious that if the limiting membranes of 


When first laid the egg-membrane is very delicate, but after lying in water for some 
time it becomes tough and resistant to pressure. 
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the cell are impermeable to electrolytes, then the conditions for equi- 
librium are forthcoming. On the other hand it is difficult to see how 
such an “insulated” system can obtain the necessary inorganic sub- 
stances for growth and reproduction. 

In spite of the large amount of work which has been devoted to an 
investigation of this problem, definite proof seems lacking to show that 
a normal cell is usually permeable to such substances as NaCl, CaCl, or 
KCl, when the concentration of such salts is in any degree comparable 
to that which occurs in nature. The various theories of permeability 
which have been advanced depend in nearly every case upon the be- 
haviour of the cell in an abnormal environment. We have therefore to 
enquire carefully into the necessity for the generally accepted dictum 
that the limiting membranes of a cell are impermeable to most electro- 
lytes. 

B. Moore(1l) has drawn attention to the fact that such a substance 
as casein within an artificial cell will absorb a high percentage of an 
alkali which is presented to it in a watery phase. From this he argues 
that a similar mechanism may account for the high concentration of 
electrolytes within living cells: the cell membranes being impermeable 
to colloids but permeable to electrolytes. 

The experiments of Osborne(12) are of considerable interest. This 
investigator dialysed milk against distilled water and showed that it 
was not until three weeks had elapsed that sufficient calcium had been 
removed to cause precipitation of free caseinogen. He also drew atten- 
tion to the differences in the properties produced by replacing calcium 
by sodium, potassium, and other metals. Osborne regards the metallic 
ions within the living cell as closely linked to protein and other organic 
radicles, and are consequently retained in the cell by chemical forces 
and not by an impermeable membrane. 

On thermodynamical grounds Donnan(é6) has advanced a some- 
what similar theory, and has shown that the presence of a colloidal ion 
inside a cell causes a differential distribution of electrolytes within and 
without the cell; this is, however, a case of equilibrium which depends 
on the concentration of electrolytes outside the cell. If this concentration 
is reduced to zero and retained at that value, as in dialysis, the whole 
equilibrium is upset. These conditions are not those which are found in 
the living cell which is often not laked by distilled water. 

The first point to be considered is whether the electrolytic content 
of the egg can be altered without involving total disorganisation of the 
cell. According to — osmotic pressure of the eggs of 
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Amphibians falls after fertilisation to the value of that of the surrounding 
medium: before fertilisation, the internal osmotic pressure is approxi- 
mately equal to that of the blood serum. : 


I. The Effect of Fertilisation and of Injury on the Crystalloid and 

electrolytic contents of the Egg. 

In order to investigate the possible escape of electrolytes from the 
egg after fertilisation, it appeared, at first, necessary to keep a large 
number of eggs in a comparatively small volume of water. Under such 
conditions it is exceedingly difficult to prevent a certain degree of 
mortality among the cells, and it was therefore important to investigate 
the possible loss of electrolytes from fertilised or unfertilised eggs that 
have been subjected to injury or which die under experimental con- 
ditions. The results of such experiments on unfertilised eggs show con- 
clusively, that injury to or death of the cell is accompanied by a very 
marked evolution of electrolytes into the surrounding medium. Table I 
gives the effect of shaking the eggs upon the evolution of electrolytes. 


Taste I. 

Resistance of water 

No. of ol shaking 

0. 

i eggs water ohms ohms 
8-4 50 20 o.c 880 415 
8-4 50 20 0. 0. 3550 305 
‘ 85 50 20 0. o. 6250 330 


When an egg is injured it gradually becomes quite white and opaque, 
and this condition is easily recognisable. Throughout the course of a very 
large number of experiments it became apparent that the fall in the 
resistance of the external medium was proportional to the number of 
eggs which showed signs of injury. 

By very careful manipulation a few experiments were performed in 
which all the fertilised eggs remained healthy during the experiment 


and which subsequently gave a high percentage of “eyed ova” when 
transferred to the hatchery. 


Taste II. 
Resistance in ohms of 
Volume * water after 
No. of of Nature of original contact with 
eggs water eggs water eggs for 3 hours 

50 30 0.0. Fertilised 6250 4800 
50 30 0. o. Unfertilised 6250 5200 
50 30 C. o. Fertilised 6250 5000 
50 30 C. o. Unfertilised 6250 5000 
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It is therefore clear that from the 2nd-5Sth hour 8 fertilisation 
there is practically no loss of eleotrolytes from the fertilised egg. The 
very slight changes observed in both fertilised and unfertilised eggs are 
almost certainly due to very slight injury or to the production of CO, 

The very large majority of experiments involved injury to a certain 
number of eggs (e.g. Table III). It also seemed that the fertilised eggs 
were more susceptible to injury than the unfertilised eggs. 


Tam III. 
Resistance in ohms of No. of eggs 
* A which showed 
water after signs of 
No. of N original un — 
o. ature with the 
eggs water of eggs water for 3 hours — — 
50 30 0. c. Unfertilised 6250 4000 3 
50 30 c. o. 6250 1760 11 
50 20 0. 0. Unfertilised 6000 2740 1 
50 20 0. o. 6000 4150 3 
100 50 0.0. Unfertilised 5850 2420 5 
100 50 0. o. Fertilised 5850 3770 3 
100 30 0. c. Unfertilised 6150 3250 4 
100 30 0. o. Fertilised 6150 2300 10 


There is then no marked loss of electrolytes from healthy trout eggs 
during the 2nd-5th hour of development. At the same time experi- 
mental difficulties prevent the use of the above method for a deter- 
mination of (a) whether there is any marked loss of electrolytes immedi- 
ately after insemination, since it is impossible to manipulate the eggs 
satisfactorily until 1 hour after mixing with spermatic fluid; (6) whether 
there is any gradual evolution of electrolytes after fertilisation; any 
such change would be masked in most cases by the change due to a few 
injured eggs. 7 

These two points can, however, be attacked indirectly. If there is a 
marked evolution of electrolytes during the first hour of development, 
a determination of the total amount of free electrolytes in the egg before 
and after fertilisation should show a marked difference. To determine 
this point the same number of fertilised and unfertilised eggs from the 
same female were teased open under the same volume of water and the 
changes in conductivity of the latter was determined (Table IV). 

It would therefore seem that the total amount of diffusible electro- 
lytes within the egg is only very slightly decreased, if at all, by fertilisa- 
tion. 

Another series of experiments showed that at all times during 
development there is approximately the same amount of electrolytes 
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Tam IV. | 
Resistance in ohms 
Volume before eggs after eggs 
No. of of were teased 

eggs Nature of eggs water open open 
20 Untfertilised 26 0. 0. 7000 1040 
20 Unfertilised 3 7000 1040 
20 Unfertilised ye 7000 1010 
20 Unfertilised * 7000 1150 
20 Fertilised 5 7000 1070 
20 Fertilised és 7000 980 
20 Fertilised a 7000 900 
20 Fertilised is 7000 900 


within the egg as before fertilisation. These results were confirmed by a 
series of determinations of the electrical conductivity and of the de- 
pression of the freezing point of the egg contents. Owing to the greater 
simplicity of measurement, and the greater degree of accuracy obtainable, 
the larger number of experiments were performed on the electrical con- 
’ ductivity. In order to obtain the fluid contents of the eggs the following 
procedure was found satisfactory. The eggs were washed with water and 
transferred to clean filter paper. In this way, the bulk of the water was 
removed from the surface of the eggs, and the remainder was easily 
absorbed by rolling the eggs gently between two layers of clean filter 
paper. The eggs were then transferred to a clean Petri dish and punctured 
by a sharp needle. The resultant mass was then squeezed through fine 
washed calico and the fluid obtained transferred to a centrifuge. In 
this way the intracellular fluid is obtained as a perfectly clear liquid 
free from débris. Table V shows that during the first month of develop- 


V. 
Resistance ot 
Age of egg ohms 
Unfertilised eggs from oviduct eee * eee ve 220 
Unfertilised eggs after lying in water for 3 hours 220 
Fertilised eggs, 4 hours was 1 225 
ob 1 day 210 
ob 2 days 215 
” „ 195 
” „ 200 
50 10 „ 215 
84 „ 220 


ment, the amount of free electrolytes within the egg does not change to 
any marked degree. These determinations apply to eggs from the same 
female fertilised in bulk at the beginning of the experiment. The con- 


ductivity of the egg-contents of eggs from different females varies only 
a little. 
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The depression of the freezing point of the egg-content of fertilised 
and unfertilised eggs was found to be about 0-48° C. 


A of egg-contents 
OA 2B 
Unfertilised eggs 0-46° 0-52° 0-48° 
Fertilised eggs (3-10 days) 0-44° 053° 0-47° 


These figures agree, approximately, with the value of 0-567° which 
was found to be the A of the blood of Salmo fario by Botazzi(4). 
Loeb@) found no difference between the freezing point of Fundulus 
eggs before and after fertilisation. Thus in this respect also the eggs of 
the trout resemble those of Fundulus and differ profoundly from those 
of fresh-water Amphibians, as described by Bachman and by 
McClendon do). 

By means of the apparatus very kindly lent to me by Prof. V. H. 
Blackman (2) it was possible to study the exosmosis from single eggs 
before and after fertilisation. In no case was any evidence obtained to 
indicate that electrolytes diffuse out of healthy eggs after fertilisation. 
When an egg is injured a certain amount of organic substances diffuse 
out of the cell, but at no time is the egg membrane permeable to the 
intracellular proteins or fat, even when these substances are in solution. 
It should be noted that rapid exosmosis occurs in any solution which 
injures the living portions of the egg, e. g. alcohol, aniline, or any other 
protoplasmio poison. In no case is the external membrane of the egg 
injured. 

The nature of the intracellular electrolytes is at present under 
investigation. Considerable quantities of chlorine appear to be present 
but further consideration must be postponed. | 


II. The internal phase of the egg. 


If the contents of dry healthy eggs (see p. 314) are poured into water 
a dense white clot is formed and the water becomes cloudy. If this white 
precipitate be violently shaken a more or less uniform emulsion is 
obtained. The precipitate is insoluble in distilled water, but is soluble in 
acids, alkalies, and neutral salts; it gives the ordinary protein reactions. 
These characters are sufficient to show that it is a globulin. 

The globulin was obtained in a more or less purified state by the 
customary method of purifying this substance. The contents of a large 
number of eggs were mixed with twice their volume of normal sodium 
chloride solution, and the mixture poured into a large volume of dis- 
tilled water. The precipitate was allowed to settle, redissolved in sodium 
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chloride and reprecipitated. It was then thoroughly washed, and either 
kept moist in distilled water or dried in a desiccator. The substance 
gave the globulin reactions mentioned above; the acid and alkaline solu- 
tions were not precipitated by distilled water, the neutral solution and 
the suspension were coagulated by heat, the reaction being irreversible ; 
strong acid (normal HCl) converted it into a tough leathery substance 
not easily soluble in neutral salts; strong alkali (normal NaOH) con- 
verted it into a glue-like substance. 

It is certain, therefore, that the egg contains globulin held in solution 
by neutral salts. We have seen that when the cell dies, the egg becomes 
opaque. The opacity is naturally explained by an alteration in the cell 
membrane which allows diffusion of salts into the surrounding water, 
and consequent precipitation of globulin. The changes in the appearance 
of dead eggs when treated with neutral salts, acids, or alkalies are such 
as inevitably result from changes in the globulin they contain. When 
the dead opaque egg is placed in normal sodium chloride, or other neutral 
salt solution, it rapidly becomes clear and resembles the living egg. 
When such cleared eggs are removed to fresh water they gradually 
regain their original opaque appearance. It is noticeable that opaque 
eggs clear in normal salt solutions in about 15 minutes, but require 
about 14 hours to become totally opaque when removed to running 
water. In dilute acids and alkalies the dead eggs become transparent 
and swell visibly in size; the swelling is considerable in N/10 HCl and 
very great in N/10 NaOH. The disappearance of the opacity is due to 
the solution of the globulin; the swelling is due to a combination of the 
globulin with acid or alkali and to the increased osmotic pressure of 
the new compound. This is shown by a measurement of the changes in 
electrical conductivity. 


One gram of dried globulin was added to 5 ee of 01 M. HCL 


Resistance of original OI M. HCI 1388 ohms 
580-0 „ 
2 of 5 c.c. 01M. NaOH . 3. 20 „ 


„ of Sec. 0 M NaOH +-7 gr. globulin after 40 mina. 810 „ 


This fact was emphasised by Hard ych. It has also been shown by 
Pauli) that the osmotic pressure of acid globulin or alkali globulin is 
markedly greater than that of salt globulin. 

If the eggs made transparent by acid or alkali are crushed under 
water, no precipitate is obtained. Strong acids and alkalies cause the 
eggs to shrink. 
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III. Theories with regard to the egg in life. 

In accordance with what has been said above the fundamental 
problem of the living egg is the determination of the method by which 
the salts necessary for the solution of the globulin are retained within 
the egg. There are certain facts which show that the theory of chemical 
combination on the lines suggested by Moore and by Osborne is not 
applicable to this case. (i) It was pointed out by Hardy 7) that the 


“Time in Minutes 
Fig. 2. Diagram showing diffusion, through parchment paper, 
of electrolytes from egg-contents. 


@ Resistance of 30c.c. distilled water when in contact with 5 C. c. egg-contents in 
a parchment thimble. 


x Resistance of a gnecnd volume of distilled water (50 c.c.) when in contact with 
egg-contents of previous experiment. 
@ Resistance of distilled water in contact witn injured eggs. 


electrical conductivity of a salt solution is only very slightly depressed 
by the presence of a globulin in solution, consequently no part of the 
electrolyte is immobilised by the protein but exists in the cell in a diffu- 
sible form. (ii) If the electrolytes were retained in the egg by chemical 
affinities alone, then when the egg-contents are placed inside a parch- 
ment thimble and dialysed, no exosmosis should occur. Fig. 2 shows 


— 
4 
2 
2 
AZ * 
5. 
* 
. 
“a 
4 
* 
* 
4 
A 
— 
4 oo 
8 ~ 
— 
: 
¢ | 
- 
D. 
4 
5 
* 
0 : 
1 
2. 
— 
8 
a 
3 
— 
4 
* * 
* 
Cal 
7 


318 : J. GRAY. 


graphically that under such conditions complete exosmosis actually 
takes place, and the final equilibrium is reached with total precipitation 
of the cell proteins, just as in the case of the injured egg. Further, if 
egg-contents are dialysed against the water in which the eggs normally 
live, marked exosmosis occurs. It is clear that the separation of the two 
phases by a membrane permeable to electrolytes but impermeable to 
colloids is not an adequate picture of the conditions which maintain 
electrolytes within a living cell. We are therefore driven to the only 
alternative theory, viz. that the retention of the electrolytes in the egg 
is due to the impermeability of its protoplasmic membrane. 

In nature the cell globulins may conceivably come into contact 
with neutral salts, in the presence of alkali or acid. It is, therefore, of 
interest to know the properties of globulin when dissolved in different 
salt solutions, and the effect of acids and alkalies on such solutions. 
These experiments are as yet in a preliminary stage and it will suffice 
to draw attention to certain well established facts. In the first place the 
precipitating or dispersing power of acids and alkalies varies according 
to the nature and the strength of the salt in which the globulin is dis- 
solved. Thus, certain grades of globulin solution in N. NaCl are only 
precipitated by acids and not by alkali whilst corresponding solutions 
in N .CaCl, are precipitated by alkalies and not by acids. These results 
are most easily expressed by the conception that in solutions of various 
salts the iso-electric point (and therefore the point of maximum pre- 
cipitation) is displaced. In the case of CaCl, the iso-electric point lies 
on the alkaline side of neutrality to methyl orange. In NaCl on the other 
hand the iso-electric point is on the acid side of neutrality. 

It is unfortunate that our knowledge of the physico-chemistry of the 
globulins is not more complete; but it is quite obvious that these sub- 
stances form a chemical or physical system with which a definite equi- 
librium can be established with the various salts, acids, and bases 
which occur in the normal environment of the cell. 


SuMMARY. 


(1) The normal fertilisation of the egg of the trout is described, and 
an explanation offered of the efficiency of the “dry” method of artificial 
fertilisation. 

(2) Fertilised and unfertilised eggs contain a considerable amount 
of electrolytes. 
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(3) When an egg is injured or dies rapid exosmosis of electrolytes 
takes place. 

(4) The egg never becomes permeable to intracellular colloids. 

(5) No evidence is available to show that after fertilisation, electro- 
lytes diffuse out of normal eggs. , 

(6) The freezing point of the egg-contents is approximately that of 
the blood of fresh-water teleosts. 

(7) The whole of the intracellular electrolytes can be removed by a 
dialysis of the egg-contents, while the proteins within the cell are pre- 
cipitated. This also occurs when the egg dies. 

(8) A very considerable proportion of the cell-contents consists of 
globulins. During life these are held in solution by neutral salts. 

(9) The whole of the obvious changes produced in the dead egg are 
explicable by a study of the properties of the intracellular globulins, 
e.g. the change in size produced by acids and alkalies. 

(10) The theories advanced by Moore, Osborne and Donnan are 
shown to be inadequate. 


(11) The controlling factor of the high electrolytic content of the 
living cell appears to be located in the protoplasmic membrane. 


(1) Bachman, E. L. and Runnström, J. Pfliiger’s Arch. 144. p. 87. 1912. 
(2) Blackman, V. H. and Paine,8.G. Annals of Botany, 32. p. 69. 1918. 
(3) Blanc, H. Ber. d. Naturf. Gesell. zu Freiburg, 8. 1894. 
(4) Botazzi, F. Ergeb. d. Physiol. 7. p. 161. 1908. 
(5) Chick, H. Biochem. Journ. 7. p. 318. 1913. 
(6) Donnan, F. G. Ztechr. f. Elektrochemie, 17. p. 572. 1911. 
(7) Hardy, W. B. Journ. of Physiol. 33. p. 251. 1905. 
(8) Lloyd, D. J. Proc. Roy. Soc. 89. B. p. 277. 1917. 
(9) Loeb, J. and Wasteneys, H. Journ. of Biol. Chem. 23. p. 157. 1915 
(10) MeClendon, J. F. Amer. Journ. Physiol. 38. p. 163. 1915. 
(11) Moore, B., Roaf, H. E. and Webster, A. Biochem. Journ. 6. 1912. 
(12) Osborne, W. A. Journ. of Physiol. 34. p. 84. 1906. 
(13) Pauli, W. Trans. of the Faraday Soc. 8. p. 55. 1912. 


** 
* 
. » 
* 
7 
4 
7 
1 
¢ 
* 
* ay 
3979 
inn. 
* 
ay 
* 
- 
2. 
* 
* 
— 
REFERENCES. 
— * 4 
, 
4, 
q 
q 
* 
iy 
* 
9 
F 
** 
4 
af 
2 
+3 
* 


THE TIME RELATIONS OF THE BLOOD-PRESSU RE 
CHANGES AFTER EXCISION OF THE ADRENAL 
GLANDS, WITH SOME OBSERVATIONS ON BLOOD 
VOLUME CHANGES. By H. C. BAZETT, F. R. C. S. 


(From the Department of Pathology, University of Ozford.) 


THE experiments herein described consist of some controls made at the 
commencement of an investigation of the relation of the adrenals to 
vascular tone. It has long been known (1) that animals may survive the 
excision of both adrenal glands for one to three days or even longer, 
and that a low blood-pressure is found previous to the death of the 
animal, but the time at which such blood-pressure changes develop has 
not been so carefully investigated. Hoskins and McClure() have 
shown that no fall of blood-pressure is observed in half-an-hour after 
the removal of the adrenals, and Young and Lehmann) found no 
change of pressure for some hours. The evidence i in this direction seems, 
therefore, to be mainly negative. 

Method. Attempts have been made to measure the rate of the fall 
in blood-pressure in animals in which the adrenals were removed under 
ether anesthesia (the animals being allowed to recover from the anes- 
thetic), in animals maintained the whole time under urethane anesthesia, 
and also in animals previously decerebrated and therefore requiring no 
anesthetic. It was also necessary to do controls to decide how long 
animals would maintain a normal blood-pressure under the same con- 
ditions if the adrenals were not excised. In the continuously anesthetised 
and decerebrate animals a record of the blood-pressure was taken during 
the whole experiment, the carotid being connected to a membrane 
manometer (Porter’s pattern) for this purpose. 

A few control experiments on urethane anesthesia were made on 
rabbits, but for all the other work cats were used. Frequent observations 
of the rectal temperatures were made, and the animals were kept as 
near normal as possible in this respect by the use of electric heating pads 
on the animal tables. No differences were detected as the result of 
differences of sex, nor did the time relations of the blood-pressure changes 
appear to be affected by section of both vagi, which was done in some 
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experiments. The sciatic nerve on one side was also divided and stimu- 
lated with faradic currents in many experiments; here it was noticed 
that the more frequent the stimulation the more rapid was the fall of 
blood-pressure, and the earlier the fatal result. The urethane was given 
in solution in water by a stomach tube, and was sometimes preceded 
by ether and at other times was itself used to induce anesthesia. The 
question of dosage is discussed later. The excision of the adrenals was by 
the lumbar route, unless another method is directly specified in the text. 

Animals not continuously anesthetised. Only two animals, both young 
females, were examined under these conditions'. The animals were 
antesthetised with ether, the adrenals were excised aseptically by the 
lumbar route, and the animals were allowed to recover from the 
anesthetic. The next day they were again anesthetised with ether, 
were given a dose of urethane by the stomach tube (about three-quarters 
of a normal dose), and then the carotid blood-pressure and the pressor 
response to sciatic stimulation were recorded as quickly as possible. 
Blood-pressures of 55 mm. of Hg were found 
18} and 23 hours respectively after the ex- 
cision of the suprarenals; in animals of this 
size such pressures represent a drop of pressure 
of 30 or 40 p.c. in 18 to 24 hours, but this 
method does not allow accurate estimations 
to be made. Allowance has also to be made for 
the effect of age, since young animals are said 
to stand the operation better than older ones. 

Exp. 1. Cat. Female. Young. 1-7 kgm. Adrenals 
excised on 25. 6. 13—3.40 to 4.15 p.m. 

26.6.13. 5.45 p.m. Cat well, eating steak. 9.30 p.m. 
Catseemed weaker. 27th. 10.10a.m. Animal very weak. 
Ether. Urethane 3 gm. 10.33a.m. Record. Sciatic 
stimulation. Blood-pressure 55 mm. of Hg dropping to 
40mm. On siatic stimulation rise of pressure of 20 mm. 


with marked respiratory variation in the blood-pressure. * —— 


Ep. 2. Cat. Female. Young. 1-5kgm. Adrenals jower curve control animal 
excised on 25. 6. 13—4.40 to 5.10 p. m. for comparison. Time marker 

26. 6. 13. 9.30 p. m. Animal contented and happy. intervals. Signal marker 
27th. 10a.m. Cat quiet and rather weak. 3.45 p. m. Ether. stimulation of sciatic. 4, 
Urethane 3 gm. 4.7 p.m. Record. Sciatic stimulation. control animal: B. adrenal- 
Blood-preasure 55 mm. of Hg dropping to 40mm. On ectomised animal. (Exp. 2.) 
sciatic stimulation rise of pressure of 15 mm. (40 to 
55mm,). Respiratory variations on the curve very marked. (See Fig. I.) 

* Both these experiments were performed in Amerie in conjunction with Dr W. o. 
Quinby of Boston, Mass., U.S.A. 
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Urethane anesthesia controls. Since in these experiments the blood- 
pressure was observed for 12 hours or more continuously, it was 
necessary to obtain controls of the effect of this anesthetic on the circu- 
lation. The dose of anesthetic was estimated on a surface area basis as 
proposed for toxins and drugs by Dreyer and Ray ch. The proper dose 
for animals of different size was arrived at in 1913 by Quinby and my- 
self (5)-by the application of these principles. We found Dreyer’s formula 
to be the only one that allowed the dose to be calculated, so as to ensure 
a consistent depth of anesthesia. In this way our results entirely con- 
firmed Dreyer’s principles, developed generally in a later paper by 
Dreyer and Walker(6). The exact dosage used is given in detail in 
the paper by Quinby and myself above referred to, and the full dose 
was near the minimal lethal dose for cats. In the absence, however, of 
any surgical procedure, such animals might recover. Thus, in the one 
experiment performed on this point i, the cat; having received its dose 
of urethane by the stomach tube, slept for 48 hours without moving, 
yawned at 49 hours, fed at 52 hours and made a complete recovery. 
On the other hand with this dose of urethane no animal recovered from 
its anesthetic, if it were also subjected to surgical procedures, demon- 
strating the additive effect of urethane and sensory stimulation. If 
urethane anesthesia was accompanied by severe sensory stimulation, 
the time to death was more or less inversely proportional to the degree 
of stimulation and the amount of urethane given. Thus the longest 
survivals with the animals continuously on the operating table and 
with a continuous record of blood-pressure were obtained, when the 
vagi were not divided, the sciatics were not stimulated, and when only 
three-fifths of the normal dose of urethane was given, a little ether 
being given also from time to time as a supplementary anesthetic 
when required. 

In some experiments blood samples were also taken from the external 
jugular vein, were diluted with water (1 in 200), and were used for 
estimation of changes in blood volume by the comparison of the hemo- 
globin values of the various samples in the Duboseq colorimeter. In cats 
a sample taken early in ether anesthesia, before the giving of urethane 
was taken as the normal, but a few experiments were also performed on 
rabbits*, blood samples being in these cases taken from the ear vein 


1 Experiment at Harvard Univ. Mass., U.S.A. 

* Rabbits require about 10 p.c. more urethane than cats of the same weight, in order 
to produce a similar degree of anesthesia. These animals were chosen owing to the ease 
with which blood samples can be taken from the ears. | 
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Fig. 2. Contrast between the blood-pressure changes seen with light urethane 
anesthesia, deep urethane anesthesia with sciatic stimulation, and deep 
urethane anesthesia with adrenal excision. 


(1) Light urethane anesthesia (Exp. 11). ©. Sciatic stimulation for 5 secs. | 
(2) Deep urethane anesthesia (Exp. 8). @. Sciatic stimulation for 15 secs. 


(3) Deep urethane anesthesia and adrenal excision (Exp. 14). A. Sciatic 
stimulation for 15 secs. . Adrenal excision. 


Decerebreticn 
4 be; * 
Reveentage of imifial 
bleed pressure. 
20. 
Fig 3. Contrast between time relations of blood-pressure changes in average . 


results with urethane and decerebration and adrenal excision. 
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before and from the internal jugular after anssthetisation. For the 
method I am indebted to Professor Dreyer. 

The various controls for urethane anesthesia are given in Tables I 
and II, and Figs. 2 and 3 show the same points diagrammatically. It 
was found that with urethane anesthesia cats may survive from 14 to 
25 hours or longer; that there is an initial fall of pressure of 10 to 20 p.c. 
when urethane anesthesia supervenes on that due to ether, but that 
there is no further fall for from 3} to 11 hours. There is often some 
concentration of the blood when urethane is used according to this 
method, such concentration occurring especially in the early stages of 
anesthesia, vatying from nil up to 18 p.c., and usually being about 4 to 
7 p.c. This blood concentration may be due perhaps to the osmotic 
action of a concentrated solution of urethane in the stomach, fluid being 
absorbed from the blood. 

With the above figures for urethane anesthesia may be contrasted 
the results obtained in Exp. 13 on a castrated male cat of 3 kgm. This 
animal proved to have a liver tumour, probably a carcinoma, though no 
histological examination was made. The experiment shows a very 
accelerated deterioration of the circulatory system in a diseased animal 
subjected to urethane anzsthesia and nerve stimulation. This contrast 
with the normal animal is comparable to that seen in man, when the 
production of surgical shock” in the septic or carcinomatous patient 
is compared with that produced in a healthy man. This would suggest 
that the gradual deterioration seen under urethane anesthesia and nerve 
stimulation is a change of a similar nature to that of eg shock” 
in man. 

The details of this experiment are as follows (see Fig. 4)— 

23. 12. 13. Cat. 3-0 gm. Urethane 6 gm. at 0.00, preceded by a little ether. Vagi 
out. Sciatic stimulation at intervals for periods of 15 seconds. 


0.45. B. P. 118. On stimulating sciatic rise of B. P. to 160 this rise being well main- 
tained. Rectal temperature 32-5° C. Cheyne-Stokes respiration induced. 1.15. B. P. 105 
with sciatic response to 127. A very slight secondary rise after stimulation also seen. 
Respiratory movements were regular. Rectal temperature 33°C. 1.25. Blood sample— 
taken as 100 p.c. 2.25. B. P. 85. Sciatic response to 105. Rectal temp. 345°C. 3.15. 
B.P. 77. Sciatic response to 90 mm. this rise being followed by a definite depressor re- 
action. Rectal temperature 36°C. The respirations resume a normal rate very soon after 
the cessation of the stimulus (see Fig. 4). 4.40. B.P. 57. Sciatic response to 67 mm. with 
marked later depressor reaction. Rectal temperature 37°C. 4.55. Blood sample 
2=97 p.c. Hb. 5.45. B. P. 33. Sciatic response extremely small. Rectal temperature 
36-6°C. 6.20. B. P. 35. Blood sample 101-5 p.c. Hb. Rectal temperature 36°5°C. 7.5. 
Respiration ceased. Death. 


The experiment is of interest since it illustrates the changes seen 
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with urethane anesthesia and nerve stimulation in any animal, the only 
difference to be detected between the record and one obtained under 
similar circumstances in a normal cat being the far greater rapidity with 
which the changes developed. Difficulty was experienced in maintaining 
the body temperature constant in this animal, and this may have 
contributed to its rapid failure, but it is clear that any such results, 
where a definite pathological condition can be recognised, should not be 
included in the general averages. 

Adrenal excision in utethaned cats. The results obtained on excision 


2 


Fig. 4. Urethane antesthesia with sciatic stimulation in diseased cat (Exp. 13). 
Record shows the change in the pressor response, with a change in the 


respiratory response (as seen by the respiratory variations in blood-pressure). 
Time marker 5 sec. intervals. 


of the adrenals in cats under similar conditions of urethane anesthesia 
may be seen in Table III, and the average results are contrasted with 
those of the control animals in Fig. 3. It will be noticed that if the 
anesthesia is light and stimulation is as far as possible avoided, the 
animals with adrenals excised die considerably quicker than the control 
animals. Roughly the time taken in going down hill is reduced to about 
67 p. c. of the normal-value. On the other hand it is remarkable that 
if the control animals are subjected to deep anesthesia and constant 
nerve stimulation, there is very little difference between the times to 
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death of the adrenal- free and control animals. (Compare for instance 
the results obtained in Exps. 14 and 16 in Table III with those of 
Exp. 8 in Table II.) (See also Fig. 2.) 

On contrasting the time relations of the blood - pressure changes in 
these adrenal-free animals under urethane with those obtained in 
etherised animals allowed to recover from their anesthetic, it is clear 
that the fall of blood-pressure is much accelerated in the animals 
subjected to prolonged urethane anesthesia. Thus in the urethane 
animals the first fall of blood-pressure occurs usually about three hours 
after the excision of ‘the adrenals and a 40 p.c. fall of blood-pressure is 


seen after about eight hours. On the other band the etherised animals 


only showed a 30 to 40 p.c. fall in 18 to 24 hours, although they too 
were eventually exposed to urethane anesthesia. 
The splanchnic nerves are easily injured in attempting to remove 


Fig. 5. Fall of pressure on excision of adrenals under urethane (Exp. 14). 
Time marker 5 sec. intervals. 


the adrenals, but any such injury is readily recognised, since it causes 
an immediate fall in blood-pressure with the partial or complete dis- 
appearance of the normal pressor response to sciatic stimulation. This 
pressor response was never decreased immediately as the result of 
excision of the adrenals, nor was there as a rule any immediate and 
maintained fall in blood-pressure, unless the splanchnic nerves had been 
injured. 

An example of the blood-pressure changes observed after excision 
of the adrenals under urethane is given in Fig. 5 and this record also 
demonstrates the changes seen in the pressor response to sciatic stimula- 
tion. The record commences immediately after the excision of the 
adrenals and represents the experiment numbered 14 in Table III. 
Besides the changes in the blood-pressure tabulated in Table III the 
record illustrates also how the pressor response to sciatic stimulation 
undergoes no diminution for a considerable time (44 hours), and that 
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in fact during this early period the sciatic response often increases 
slightly if the maximum pressure attained be noted, usually increases 
considerably if the absolute rise on stimulation be taken as a guide, and 
always increases enormously if the percentile rise be used as a measure. 
While it is conceivable that the animal reacts to its condition by an 
increased activity of the vasomotor centres, yet it seems more probable 
that the reaction remains little altered, and that the maximum pressure 
attained gives the more accurate measure. The slight rise in this value 
might then readily be explained by the increased blood volume which 
is demonstrated under these conditions by the method of estimating 
the hemoglobin percentage. The results in this experiment may be 
given in a table. 


Time after Maximum Absolute rise Percentile rise 
excision on sciatic on sciatic 
of adrenals stimulation stimulation stimulation 
0-07 144 mm. 29 mm. 25-2 % 

0-40 163 30 22-5 
136 135 30 28-6 
2-35 150 50 50-0 
3-35 158 58 58-0 
4-35 163 70 463 
7-25 130 50 62-5 
10-15 90 37 69-8 
11-25 53 11 26-2 
11-25 37 7 — 23-3 


Thus it is seen that the maximum value attained remains remarkably 


constant on the whole during the first four hours and this can hardly 


be a coincidence. On the other hand the percentile method of comparison 
would indicate that the last response recorded—just before death—was 
of equal intensity with that recorded just previous to adrenal excision, 
which seems improbable. The results would seem to be much more in 
accordance with the theory that, while the vascular tone decreased, the 
response to sciatic stimulation remained unchanged; these results do 
not therefore support the use of the percentile measure of blood-pressure 
changes as suggested by Porter(7) in the same animal at any rate under 
these conditions; on the other hand there can be little doubt that 
Porter’s is the best method for comparison of different animals. There 
appears to be no noticeable diminution in the sciatic response until the 
mean pressure has fallen below about 60 mm. and this diminutjon may 
therefore be secondary to the low blood-pressure. In other cases the 
height reached on sciatic stimulation fell steadily after adrenal excision, 
the fall being more or less parallel to the fall of blood-pressure, so that 
a maintained sciatic response does not appear to be invariably seen after 
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adrenal excision, There is therefore no constant difference to be detected 
between the changes noted after adrenal excision and the progressive 
deterioration seen with prolonged urethane anesthesia. In fact the 
changes observed after adrenal excision often resembled those seen in 
Fig. 4. 

Decerebrate animals. Controls. Some excisions of the adrenals were 
performed on decerebrate cats. Here again it was necessary first of all 
to do controls to discover the normal life of a decerebrate preparation. 
Table IV gives the control experiments. It will be seen that the mainten- 
ance of blood-pressure is relatively infinite, even in the ordinary dirty 
preparation. If decerebration be performed aseptically and the cranial 
cavity is filled with paraffin wax, death may be postponed for days or 
weeks(8). Many animals may be lost owing to recognizable complications 
such as hemorrhage or asphyxia; these animals are not included in the 
general averages. It is absolutely essential that the body temperature 
should be controlled artificially and maintained at a normal level. The 
collection of mucus in the trachea depends on a number of factors among 
the most important being the use of ether as an anesthetic (chloroform 
being more satisfactory), ligature of the carotids causing anemia of the 
respiratory tract, fixation of the head preventing effective coughing, and 
tracheitis following the introduction of a cannula. In these experiments 

the decerebrations were performed by trephining according to Sherring- 

ton’s older method , and I am indebted to Professor Sherrington 
for personal instruction in this method. The carotids were tied either 
permanently or temporarily, and the above complications were avoided | 
as far as possible. When blood volume changes were being observed, 
ether was used as the anesthetic until the first blood sample had been 
taken, since Dreyer and Walker) have shown that ether anesthesia 
does not cause any alteration of the hwmoglobin percentage. 

Adrenal excision in decerebrate cats. Table V gives the results obtained 
on excision of the adrenals in these animals, and Fig. 3 shows the average 
results and compares them with those in control animals. 

It will be seen that, in marked contrast to the stability of the control 
preparations, the blood-pressure falls quickly after excision of the 
adrenals, much earlier than with anewesthetised animals. Thus the first 
fall of blood-pressure occurs within about 1} hours and death in 6} hours, 
as compared with 21 hours and 10} hours with urethane anmsthesia. 
It will also be seen that a slight increase in the blood volume on excision 


of the adrenals occurs under these conditions, as with urethane anes- 
thesia. 
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Fig. 6 illustrates the effect of excising the adrenals in a decerebrate 
preparation, a case in which the quickest fall of blood-pressure yet 
observed was obtained (Table V, Exp. 27). The record shows a slight 
immediate fall of pressure on excision of the adrenals, though after this 
the pressure rose again slightly for 40 minutes, when a gradual fall of 
pressure set in leading to death 4.40 hours after the excision of the 
adrenals. That the splanchnic nerves were not injured during the 
operation was evident from the fact that the sciatic response (only 
occasionally induced) was at first in no way impaired. 

Blood volume changes. Recently changes in the blood volume have 
attracted much attention. At the time these experiments were performed 
(1914) the blood volume changes were estimated in order to control the 


Fig. 6. Excision of adrenals in decerebrate cat (Exp. 27). Signal-stimulation of sciatic. 
Time marker 2 secs. and 1 minute. Up strokes on 2nd part of curve indicate corre- 
sponding points on reeord. 


other results obtained. For convenience all the observations made in 
this research on blood volume changes are collected together in Table VI, 
but unfortunately they are somewhat incomplete, having been made 
only in a small percentage of the experiments. The marked contrast 
between the effects of a fall of blood-pressure due to hemorrhage on 
the hemoglobin percentage and those of a similar fall due either to 
prolonged urethane anesthesia or to excision of the adrenals is none 
the less very noticeable. In the first case the hemoglobin is rapidly 
diluted and an effort seems to be made to keep the blood volume 
constant, while in the seqond case there is only slight absorption of fluid 


1 My thanks are due to Prof. Dreyer, who was entirely responsible for any attention 
I have paid to these changes. He first pointed out to me the importance of this subject, 
and I adopted his method of estimation. 
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in spite of the great fall in blood-pressure. In none of the cases investi- . 
gated, where the blood-pressure fell as the result of anssthesia, shock, 
or adrenal excision, did the dilution of the hemoglobin amount to a 
change of more than 6-5 p. o., and only once did it exceed 5 p. c.; on the 
other hand in Exps. 22 and 25 where considerable hemorrhage occurred 
a dilution of blood amounting to 25 p.c. or over was observed. 

Some interest is attached to Exp. 33 included in this table, where 
a dilution of the blood of 10 p.c. is seen. In this case there was no 
hemorrhage but some injury to the splanchnic nerves had probably 
occurred. It therefore provides some slender evidence that injury to 
the splanchnic nerves with a consequent fall in blood-pressure may have 
more effect in causing dilution of the blood than adrenal excision. 
Unfortunately the only other experiment in which the splanchnic nerves 
were injured and blood samples were also taken (Exp. 35, Table VI) 
was complicated by the recurrence of hemorrhage from the brain at the 
time. 

Discussion of results. Most of the results here described are chiefly 
important as a basis for further work, the experiments having been 
planned as controls. Certain of them, however, have some interest as 
they stand and may be considered shortly here. 

The experiments have demonstrated that not only is there no 
immediate fall of blood-pressure on excising the adrenals, but also that 
this fall of blood-pressure may be considerably delayed. This is of no 
great theoretical importance since additional chromaffine tissue exists 
in the cat along the aorta di), so that in these experiments there has 
been no complete excision of chromaffine tissue. On the other hand it 
is remarkable that the blood-pressure changes progress much more 
quickly in the decerebrate animal than in the animal under urethane 
anesthesia, while they progress quicker too in these anesthetised animals 
than in others allowed to recover from their anesthetic. These results 
are rather difficult to explain. The quicker development in the anesthet- 
ised animal probably depends on the exhaustion of the chromaffine cells, 
since Elliott e) has demonstrated the marked effect of urethane and 
also of sensory stimulation in producing an exhaustion of the suprarenals. 
If this is true, then a similar explanation may be brought forward to 
account for the fact that sensory stimulation greatly shortens the life 
of an animal under urethane anesthesia, since death under these circum- 
stances may be due to an exhaustion of the adrenal glands in an animal 
| unable to replace its losses while anwsthetised. Attention has already 
been drawn to the similarity existing in the curves obtained for the 
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blood-pressure changes in animals exposed to constant nerve stimulation 
under urethane, and ih animals under the same conditions with the 
adrenals excised. The excision of the adrenals appears to make no 
difference. This can be seen again very clearly in Fig. 2 where the blood- 
pressure changes seen in three experiments with light urethane anes- 
thesia, deep urethane anesthesia, and adrenal excision under urethane 
are all charted together. 

The similarity between the curves for adrenal excision under urethane 
and simple urethane anesthesia with stimulation might of course be 
explained by supposing that under urethane anesthesia the animals 
died before any of the effects of the excision of the adrenals had time 
to develop. But this is not borne out by the other experiments. For it 
is found that cats with full urethane anesthesia if not exposed to nerve 
stimulation will long outlast those with similar anesthesia and excision 
of the adrenals, and it appeared from one experiment that even with 
very light urethane anmsthesia the onset of the first blood- Pressure 
changes developed about the same time after the adrenal excision. It 
seems therefore more reasonable to explain the effects of urethane 
anesthesia as due partly to its action on chromaffine cells. Definite 
conclusions are not warranted but one cannot help wondering whether 
deep urethane anesthesia with constant sciatic stimulation does not in 
itself produce a physiological—or pathological—exhaustion of adrenal 

activity. 

The contrast between the changes seen in the decerebrate preparation 
and the animals under urethane is illustrated by Fig. 3 and the difference 
is very great. The fall of blood-pressure not only develops earlier in the 
decerebrate preparation but it also progresses much more quickly. Many 
explanations are possible. There may occur an exhaustion of the 
additional chromaffine tissue as the result of the stimulus of the de- 
cerebration operation, but if this is so, it is remarkable that the control 
animals maintain their pressure so well. Or again it may be due to the 
blood-pressure in the decerebrate animal being abnormally high so that 
the mechanism for the maintenance of blood-pressure is severely tried 
and is unable to stand the additional injury of the removal of the adrenal 
glands. But the observed blood-pressures do not bear out this theory. 
Though high blood-pressures were often observed in the decerebrate 
animals, yet the average initial mean pressure observed in the de- 
cerebrate animal was 103 mm. as against an average initial blood- 
pressure in urethane animals of 90 mm. The blood-pressure in the 
decerebrate animals was therefore only 10-15 p.c. above that of the 
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urethane animals, and this in spite of the fact that the average weight 
of the cats was 3055 gm. in the decerebrate and only 2386 gm. in the 
urethane animals’. The blood-pressures observed therefore corresponded 
closely with those seen with ether anesthesia. This explanation is there- 
fore improbable. Other possible reasons are the division of the stalk of 
the pituitary gland during decerebration, or to an “addition” effect, 
due to the fact that the adrenal excision follows shortly after the animal 
has suffered from hemorrhage during decerebration. 

More recently some attempt has been made to test these theories, 
the adrenals having been excised in two cats, one decerebrated according 
to Sherrington’s(13) later method, and consequently suffering little if at 
all from hemorrhage though having the pituitary completely removed, 
and the second decerebrated aseptically according to my method (8) and 
used for adrenal excision about 28 hours later. In both these animals 
the fall of pressure was even more rapid than in the other decerebrated 
cats. The cat obtained by the use of the decerebrator died in about 
2 hours after the adrenal excision, and the other done aseptically and 
kept for 28 hours only survived the excision for 2} hours, thongh it 
was a healthy young cat. I hope to undertake further work on this point. 

The effects of adrenal excision may be due to the gradual paralysis 
of the sympathetic nerve endings in the absence of adrenalin, but the 
experiments are not definite on this point. Some experiments (e.g. 
Exp. 4, Table III) even appear to suggest that this is not true, since the 
blood-pressure commences to fall while the pressor response to stimula- 
tion is well maintained or increased; but it may be argued that in this 
case the earlier part of the fall in blood-pressure is due to the anesthetic 
rather than to the excision of the adrenals. Whether this type of change 
could be produced in decerebrate animals was not determined; in the 
earlier experiments repeated sciatic stimulation produced sooner or later 
reactionary hemorrhage from the meningeal vessels, and therefore 
sciatic stimulation had to be avoided. In the later experiments, when 
the decerebrate animal was kept much longer, and when the cranium 
was often plugged with wax, reactionary hemorrhage did not occur, 
but no determination of this point was made. 

Lastly a few observations on blood volume changes are here collected 
together. The most noticeable feature is the maintenance of a fairly 
normal hemoglobin percentage when the blood-pressure falls as the 
result of prolonged anesthesia or the excision of the adrenals, while 

Higher blood-pressures were observed as a rule in older and larger animals than in 
the smaller and younger. 
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marked dilution of the blood occurs if the blood - pressure falls as the 
result of hemorrhage. The results obtained also show that there may be 
a concentration of the blood during urethane anesthesia, and though 
the figures obtained demonstrate that this is usually slight and transient, 
yet it might perhaps assume importance under certain circumstances, 
as for instance in experiments on sugar tolerance. No conditions of 
marked blood concentration were observed except in an animal suffering 
from asphyxia. 


CONCLUSIONS. 


1. On excision of the adrenal glands in cats no immediate fall in 
blood-pressure is seen, but the blood-pressure changes develop earlier 
and progress more quickly in the decerebrate animal than in one 
anssthetised with urethane. Also these blood-pressure changes seem to 
develop more quickly under both these conditions than in animals 
anesthetised with ether and allowed to recover from their anesthetic. 

2. Urethane ansssthesia may be used in cats for experiments lasting 
for 25 hours or longer. The blood-pressure observed is 10 to 20 p.c. 
lower than that seen in etherised or decerebrate animals and it commences 
to fall further after about eight hours anesthesia or even earlier. Nerve 
stimulation accelerates this fall of blood-pressure. 

3. Decerebrate preparations may be used for blood-pressure experi- 
ments lasting over several days if the body temperature is maintained 
normal, and if the animal is carefully “nursed.” If aseptic precautions 
are taken they may be used over even longer periods. 

4. If the adrenals are excised in the urethaned cat, the blood-pressure 
commences to fall 2 or 3 hours after the operation, and the animal dies 
in about 10} hours. The increase in the rapidity of the blood-pressure 
changes as compared with the control urethane animals is one of about 
33 p.c. 

5. Excision of the adrenals in the decerebrate animal leads to death 
in about six hours, the pressure commencing to fall about one hour after 
excision. 

6. If the adrenals are excised under ether anesthesia and the animals 
are allowed to recover from the anesthetic, the fall in blood-pressure 
appears to be much slower. A fall of 30 to 40 p.c. only in 18 to 24 hours 
was found. 

7. Some observations on blood volume changes have been made. 
With a fall in blood-pressure due to prolonged urethane anesthesia little 
or no dilution of the blood takes place, and there may even be a slight 
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concentration. With excision of the adrenals an immediate slight 
dilution of the blood occurs, and the blood volume is perhaps increased 
since the operation is practically bloodless. Later when the blood- 
pressure falls there is little further dilution of the blood. If on the other 
hand the blood-pressure falls as the result of hemorrhage, a rapid and 
considerable dilution of the blood is seen. 

8. After excision of the adrenals the sciatic response to stimulation 
is at first slightly increased. At a later stage it may be well maintained, 
while the blood-pressure is falling, or the height reached on sciatic 
stimulation may fall in a manner more or less parallel to the changes 
in the blood-pressure level. With adrenal excision under urethane 
anesthesia neither type of change was obtained constantly. 


I am much indebted to numerous workers for assistance in this 
research, which was commenced at Harvard and carried on mainly at 
Oxford. I should like to take this opportunity of thanking Dr W. C. 
Quinby for his co-operation in the first two experiments described, 
Dr W. T. Porter for valuable instruction, and to the Harvard Medical 
School and Prof. Porter in particular for the generous hospitality they 
extended to me, while in Oxford I have been constantly indebted to 
Profs. Dreyer and Sherrington for valuable advice. 
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THE REACTION AND CARBON DIOXIDE CARRYING 
POWER OF BLOOD—A MATHEMATICAL TREAT- 
MENT. part II. By T. R. PARSONS, Michael Foster Student. 


(From the Physiological Laboratory, Cambridge.) 
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In the first part of this paper u) it was shown that a mathematical 
interpretation of the carbon dioxide dissociation curve of blood could 
be given if the carbonic acid were regarded as one of two weak acids 
sharing a fixed quantity of a base between them, the amount of base 
appropriated by each acid being determined by its relative strength and 
its concentration. The system was represented by the equation 

p. COONa + H,O, => P. COOH + NaHCO,, 


in which the second weak acid is constituted by the proteins of the blood, 
and the base is its available sodium,“ or, as it is often expressed, its 
“alkali reserve.” By applying the law of mass action to such a system 
it was deduced that the relation between the molecular concentration 
of combined CO,, z, and that of dissolved CO,, , (which is directly 
proportional to the CO, tension), is expressed by the formula: 

where p is the total available sodium present, and K the constant of 
the equilibrium. Now in applying this formula to the case presented by 
the blood, p retains the same significance, but the value found for K 
is, no doubt, of a composite nature, not necessarily representing the 
equilibrium constant between any single protein and sodium bicarbonate, 
but representing a kind of average value for the various proteins present, 
including, of course, hemoglobin. A hint to this effect is contained in 


2 
2 = 
4 
e 
74 
» 
« 
og 
4 
* 
„ 
~ 
> 
~ 
7 
F 
PAGE 
2 
- 
4 
7 
? 
— 
. * 
3 
5 by 
4 — 
— 


* 
x 
aw 


REACTION OF BLOOD. 341 


the remarks I made on p. 52 of the former communication. While thus 
it is admitted that this formula represents but the first step in the exact 
analysis of the complex equilibria between bicarbonate and proteins 
in body fluids and tissues, yet, nevertheless, I have regarded it as being 
a task not entirely without justification, to proceed from this result to 
a consideration of the changes of hydrogen-ion concentration caused by 
variations of CO, tension in such a system as has just been described. 


But in doing so it must be understood that I make no claim to com- 


pleteness, for during the theoretical treatment there will arise several 
further points at which, for simplicity, it will be necessary to represent 
the average effect, as it were; of several constants by a single symbol, 
and in the comparison of the mathematical conclusions with experimental 
observations I shall have to avail myself of measurements in which the 
assumption is made that the electrometric method is strictly applicable 
without modification to the determination of the true reaction of complex 
colloidal mixtures. 
I. The acid-base equilibrium in reduced and oxygenated blood. 

With these reservations, then, let us denote the constant of the main 
equilibrium by K, as before, and consider the reacting molecules to 
ionise according to the following equations with k, .. ee 


constants respectively : 
H. CO. = D, (by) 


p. COOH H. G00 U 
NaHOO, Na +HCO, 
P.COONa == Na+P.c COO (&,). 
On applying the law of mass action to the first and third of these equa- 


tions we have: H,CO,] 
(1), 
| [HCO,) | : 
[No] 


the concentration of each ion or molecule being represented as usual 
by its formula enclosed in square brackets. Eliminating the unknown 


value of the concentration of the HCO, ion between these two equations 
a 
11 J (3). 


In order that this equation may be of use in the calculation of the 
hydrogen-ion concentration in the system it still remains to express the 
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concentration of un- ionised H, COO, and Na H CO, molecules and of sodium 
ions in terms of known quantities. In the case of the H, CO, molecules 
we can regard the carbonic acid as being ionised to a negligible extent 
in a solution containing sodium bicarbonate: even in pure aqueous 
solutions its ionisation constant, ki, at body temperature is of the order 


of only 4 x 107, and in presence of excess of HOO, ions the degree of 
dissociation will be still further depressed. The concentration of H,CO, 
molecules may, therefore, be still denoted by (l. p. 46) where 


y=Poo, x 3-0 x 10-. 


In discussing this point, however, it should be mentioned that there is 
some evidence , p. 13); (3) that the degree of ionisation of carbonic acid 
appears to be much smaller than it really is owing to the comparatively 
small concentration of H,CO, molecules as compared with free CO, 
molecules in an aqueous solution of the gas, so that the values of the 
ionisation constant usually given require to be multiplied by a factor 
representing the unknown equilibrium constant of the reaction 


H, O CO,. => H, CO, 


But in that case the value given for y in terms of Po, would require 
to be divided by the same factor, so that the value of their product 
k, y—which will appear in our calculations—will remain unchanged. 
With regard to the value of the sodium-ion concentration, we can 
evaluate this most easily if we assume that the two sodium salts 
P. COONa and NaHCO, are electrolytically dissociated to the same 
degree when they occur together in the same solution. This assumption 
is one which is certainly justified, at least for a first approximation, for 
it is well known that the sodium salts even of weak acids are, as a rule, 
very strongly ionised in dilute solution. It should be pointed out that 
it is not assumed that the ionisation is complete, but that both the 


sodium salts are ionised to the same extent which can be represented 


by the symbol 8, whose value is less than unity, and, under the con- 
ditions we are considering, is usually taken to be about -8. The question 
of the exact value of this constant is discussed later (p. 347). For the 
present we wish to point out that if the sodium salts are ionised to an 
equal extent then the replacement of a certain quantity of one of them 
by an equal quantity of the other resulting from a change of carbon 
dioxide tension in the system will have no effect on the sodium-ion 
concentration, which will retain the same value as, say, at zero CO, 
tension, namely 8p. In fact the conditions in our system are exactly 
similar for the sodium-ion to those obtaining for the hydrogen-ion in 
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isohydric¢ solutions of acids as worked out by Arrhenius(4). It remains 
now but to substitute this value for the sodium-ion concentration in 
equation (3), and to note that the concentration of NaHCO, molecules 
left un-ionised is equal to (1 — 8) x the total concentration of combined 
005, . e. (1 — 8) æ, in order to obtain an equation in which the hydrogen- 
ion concentration is expressed in terms of known or measurable 


quantities: 
0 


This equation involves both the value of y, which is proportional to 
the CO, tension, and that of z, the concentration of combined carbon 
dioxide, and in this form it is most suitable for the calculation of the 
hydrogen-ion concentration in blood for which the CO, dissociation 
curve has been determined. But the relation between x and y being 
already known, it is possible to express the hydrogen-ion concentration 
in terms of either one of these variables. For, substituting in the 
equation for æ in terms of y (using the formula on page 340) we have 


2K 


while, expressing y in terms of z from the same formula we have 


Kus | 
Gi h (1-8) (©). 

Each of these equations can be expressed in p notation by taking 
logarithms of both sides; it is necessary to do this here in the case of 
equation (4) only, since this is the one we have used for subsequent 
calculations. Denoting, at the same time, the constant value of the 
term 165 by a single symbol A, we obtain 


65 


and since p, the total concentration of available sodium, is also a con- 

stant for any particular blood, the calculation of p,, at any given CO, 
tension in a blood whose carbon dioxide dissociation curve is known 
becomes a matter of extreme simplicity—provided that the value of A 
can be found. As a matter of fact, it is possible to use the same methods 
for the evaluation of this constant as were adopted for the determination 
of the total concentration of available sodium in the blood: the value 
can be deduced from the experimental data for any single well-established 
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point on (in this case) the p,,, CO, tension curve, the test of the theory 
then consisting in the comparison between the experimental measure- 
ments and whole curve calculated with the aid of the value of A so 
found from one point; or the value may be calculated from the results 
of observations other than those used in determining the particular 
curve experimentally. Resorting, in the first place, to the former of 
these methods, it has been found (s) that for my own blood in a com- 
pletely reduced condition the p at a tension of 40mm. Hg. CO, is 
7-41, while the content of combined CO, is 51-22 c.c. per 100, or 2.226 
molecular (h. The value of y at 40 mm. CO, tension is 40 x 3-0 x 10-5, 
and that of p for this blood has been shown to be 4-842 x 10-*(1). 
“Substituting these values in equation (7): 
log . + log. —log .y- log. p 

+log . 51-22 log. 2,226 log. (40 «3-0 x 10-5 log 

= 5-1876, 
or A=15x 10. 

On referring to the definition of A just given, it will be seen that 
the value of this constant involves no factor depending on the properties 
of the blood proteins, so that it is to be expected that this constant 
would be the same for both oxygenated and reduced bloods. For my 
blood when fully oxygenated at 40 mm. C0, tension the p. is 7-37 (5), 
and the content of combined carbon dioxide 47-44 c. 0. per 100 or 


2 M0. Further, the value of p in this case is 4-783 x 10-4, so that, 
the value of y being 40 x 3-0 x 10-9 as before we have 
=B-1997, 
whence A =1-58 x 
—a result which agrees with that obtained from the reduced blood as 
exactly as the experimental error in the measurements will permit. 
Before proceeding to the calculation of A from observations entirely 
independent of p measurements on blood, it will be appropriate to 
calculate the p,, of blood at various tensions of carbon dioxide by means 
of equation (7) using the values for p and z calculated for Parsons’ 
blood in part I of this paper, and for A the values just determined for 
the oxygenated and reduced blood respectively. The results of these 
calculations are shown in Tables I and II side by side with the values 
actually obtained by experiment on a former occasion (5), and the agree- 
ment between these two sets of results is illustrated in Fig. 1 in which 
the curves are plotted from the theoretical values and the points indicate 


the experimental results. The degree of correspondence which these 
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show is evidence additional to that obtained from the CO, dissociation 
curves (i) in favour of the view that, in the whole blood, we are dealing 
with a system composed of two weak acids sharing a fixed quantity of 
a base (sodium) between them. The one weak acid is, of course, carbonic 
acid; the second, the blood proteins—chiefly, if not almost entirely, the 
hemoglobin, for, as has been pointed out already (s) the changes brought 


Tam I, Completely reduced blood of Parsons. 
p=4842 x 10~* (from CO, dissociation curve), 
4 =1-564 x 10~ (from observed interpolated value of pn at 40 mm. CO, tension). 


Observed values Calculated values 
pP 

(man. Hg ) vn (mm. Hg.) Pu 
0-79 8-51 0-5 8-51 
5-7 7-96 1 8-33 
8-1 7.87 2 8-17 
10-1 7-83 5 7-96 
19-6 7-63 10 7-78 
33-4 7-50? 20 761 
37-4 7-41 30 7-49 
55-3 7-31 40 7-41 
72-1 7-25 50 734 
60 7-29 

70 7°25 

100 714 


Tant II. Fully oxygenated blood of Parsons. 


p=4-783 x 10~* (from CO, dissociation curve), 
4 =1-58 x 10~* (from observed interpolated value of pn at 40 mm. CO, tension). 


Observed values Calculated values 

bm Hg.) (mm. Hg.) 
0-79 8-47 1 8-28 
5-7 92 2 8-12 
10-1 7-75 5 7-90 
19-6 7-58 10 7-73 
33-4 7-44 20 7-55 
37-4 7-32 30 7-45 
7-29 40 7-37 
72-1 7-21 50 7-31 
60 7-25 
70 7-21 


about by oxygenation in the CO, combining power of blood, as well as 
in its reaction, can be explained in terms of an increase in the strength 
of the second weak acid which is competing with carbonic acid for the 
available base. But we are now in a position to give this observation 
an exact quantitative expression, for as the formule expressing the 
equation to the carbon dioxide dissociation curves of oxygenated and 
reduced blood have been shown to differ only in the value of the 
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equilibrium constant K (which is a measure of the strength of the 
second weak acid) the concentration, p, of the available base being 
constant for both curves, so now we find that the corresponding formulx 
expressing the reaction of the same blood in the oxygenated and reduced 
conditions differ only in the value of K, while the values of p and A are 
constant (apart from experimental errors) for both curves. And further— 
the values of K which are required to express the carbon dioxide com- 
bining powers of oxygenated and reduced blood respectively are identical 
with those which are required to express the reaction changes under the 
same conditions. We are thus led to the conclusion that the changes in 


14 


* 


Fig. 1. Comparison between theoretical curves and experi- 
mental results for Parsons’ blood (Tables I and II). 
O, curve for oxygenated blood. R, curve for reduced 
blood. 
the carbon dioxide combining power and also in the reaction of blood on 
oxygenation can be explained quantitatively by the same increase in 
the strength of hemoglobin as an acid when it combines with oxygen. 


II. The degree of ionisation of sodium bicarbonate in aqueous 
solution at body temperature. 
We turn now to a further consideration of the nature of the constant 
A. This is, by definition, equal to 1150 where k, and k, are the 
ionisation constants of carbonic acid and of sodium bicarbonate respec- 
tively and 8 is the degree of ionisation in a pure sodium bicarbonate 
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solution of the same molecular concentration as that of the available 
sodium in the blood. These are constant properties of carbonic acid 
and of sodium bicarbonate, and, as such, are completely independent 
of the nature of the system in which these substances may be present: 

it should be possible, therefore, to calculate the value of A without any 
reference to measurements on blood whatever. Firstly, direct determina- 

tions of ki at body temperature seem never to have been made, but a 
value of 4-125 x 107 at .37-5° C. is found by Milroy to) by extrapolation 
from Kendall's determinations at 0°, 18° and 25°C.(7).. On the other 
hand, using Henderson’s calculation (s) of the heat of ionisation of 
carbonic acid (in which, it should be noted, complete ionisation of sodium 
bicarbonate in aqueous solution is assumed) and the value at 18° C. 
measured directly by Walker and Cormack(®), Hasselbalch«o) de- 
duces the value of k, at body temperature to be 10-*®, f. e. 4-074 x 10-7: 

as a mean value we may use 4°10 x 10-7. 

With regard to the values of &, and 5 there is more doubt. Walker 
and Cormack made two series of measurements on the conductivity of 
sodium bicarbonate solutions of various strengths at a temperature of 
18° C., diluting the solution in the first case with successive quantities 
of pure water, and in the second with a solution of carbonic acid, the 
correspondence between. the results obtained in these two experiments 
being taken as evidence that the bicarbonate was hydrolysed to normal 
carbonate to only a negligible extent. But, as has already been pointed 
out (1, p. 57), sodium bicarbonate in aqueous solution is appreciably 
hydrolysed at low tensions of carbon dioxide, so that in the absence of 
any knowledge of the exact tension of the gas obtaining during Walker 
and Cormack’s experiments it seems justifiable to argue that the extra 
carbonic acid in the solution in their second series of experiments failed 
to produce any appreciable change in the conductivity of the solution, 
not because the sodium bicarbonate was not hydrolysed, but because 
the degree of hydrolysis had not been greatly affected by the excess of 
acid. From these results, however, Hasselbalch(10) has calculated the 
degree of ionisation 5 of the bicarbonate at various concentrations, and 
" obtains the series of values given in the following table. 


Taste III. 
Concentration of NaHCO, 5 n. O3n. n. In. 005 n. 
8 8 from and 
ormack’s condu 
measurements . id 800 827 851 885 917 
k, caloulaied from dilution | 160 119 097 068 051 


* 
Now if these results truly represent the degree of ionisation of 
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sodium bicarbonate at these various concentrations, they should all give 

a constant value for k, if substituted in turn in the dilution formula of 

Ostwald: 
| 

where ¢ is the total gram molecular concentration of the dissolved 

binary electrolyte (sodium bicarbonate) per litre. 

‘Unfortunately this is far from being the case, for as will be seen from 
the values recorded in the last line of Table III, X, diminishes steadily 
in value with decreasing strength of the bicarbonate solution. As there 
seems to have been no direct determination of the degree of ionisation 
of sodium bicarbonate in aqueous solution at body temperature it be- 
comes necessary to seek some further means of deducing this information 
indirectly from experiments made with a different object. Of such, the 
results of Hasselbalch uo for the hydrogen-ion concentration of sodium 
bicarbonate solutions of various strengths and at various tensions of 
carbon dioxide at once suggest themselves. Now Michaelis has shown 
(2, p. 17) that the hydrogen-ion concentration in a mixture of an acid 
with its sodium salt can be represented by the formula 


11 
op + 

where Ii is the ionisation constant of the acid (in this case the first 
ionisation constant of H, CO, for the solutions dealt with were of such 
reaction that the second hydrogen-ion of the H,CO, molecule would be 
practically undissociated), 

y is the concentration of the free acid, 

p that of the sodium salt and 

8 the fraction of the sodium salt dissociated into ions. 


From this equation it is possible to calculate 5 for any value of p if 
+ 
the values of k,, IH] and y are known. We have already (p. 347) made 


an estimate of the value of k, at body temperature, 75 was measured 
directly in Hasselbalch’s experiments, and y can be calculated in this 
case from the observed tension and known solubility of carbon dioxide 
in the solution. 

Before making: these substitutions, however, the formula can be 
simplified and approximated for the purpose of 2 the calcula- 
tions. Transposing terms we have 
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Now y, the molecular concentration of the free carbonic acid in the solution at any 
given tension of carbon dioxide, is equal to 


28.2 
760 22-26’ 
where Poo, is the CO, tension in mm. Hg. 


the of salability of OO, to be the same for pure 
water (10, p. 117) 


and 22-26 is the moleoular volume of CO,, 
i. e. y=Poo, x 3-31 10, 
k, at 38° C. „ 


“028 
(At 18 0 y= 50s * Where -928 is the coefficient of solubility of CO, in pure water 
at 18° C. (10, p. 117) and &, has a value of 10 (9); i.e. — 
* 107 and y= 5-484 x 10-*.) 


Now the hydrogen-ion concentration in the solutions used by 
Hasselbalch was always of the order of 1085, while the CO, tensions 
were, on the average of the order of 100 mm. Hg. This means that in 
the particular case under consideration y will be of the order of 10-75 
in comparison with which the value of the hydrogen-ion concentration 
can be neglected. Further, = factor 1 x y will be of the order of 10-1 


in comparison with which CH i is small and can be neglected. 
We then obtain a simplified expression: 


(8), 

in which are involved the assumptions usually made (e.g. by Henderson 
and Hasselbalch) with regard to solutions of sodium bicarbonate con- 


taining carbonic acid—namely, that all the HCO, ion present is derived 
by ionisation of the NaHCO, molecule, and that the carbonic acid is so 
slightly ionised that the concentration of H,CO, molecules may be taken, 
without appreciable error, to be equal to that of the total free carbonic 
acid in the solution. By substituting in this formula the values of the 
hydrogen-ion concentrations given by Hasselbalch for sodium bicar- 
bonate solutions of known strengths at various CO, tensions both at 
18° . and 38°C. the values shown in Table IV are obtained. 

A glance at the results of these calculations shows that while the 
values for 8 at the various concentrations of sodium bicarbonate are 
consistent among themselves, increasing regularly with dilution and 
showing no regular change with increase of CO, tension (the degree of 
ionisation of the bicarbonate being, therefore, only ina ppreciably affected 
by variations in the concentration of free H, OO, molecules), they are all 
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Taste IV. Degree of ionisation in sodium bicarbonate solutions calculated 
from Hasselbalch’s hydrogen-ion measurements. 


18° C. 280 C. 
Na H P culated v 0 
— from of dat of d at 
Pe eqn. (8) 18°C. Hg.) Pu eqn. (8) 38°C. 
05 n. 472 742 411 52-6 7-50 451 
740 ##+$723 416 168-9 6-97 428 
1477 692 407 247-8 6-82 444 
4038 648 404 410 7170 6°35 436 -440 
n. — — — — 40-6 7-43 494 
— — — — 80-7 7-10 -460 
— — 703 470 
— — — — 135-0 6-87 453 400 
-02 n. — — — — 36-7 7-28 47 
— — — — 62-8 7-08 812 
— — — — 123-3 6-78 504 497 
On. 6443 67/7 530 85˙0 6-65 515 
688 668 545 119-8 6-52 538 
84-5 6-54 -485 137-4 6-46 -538 
24 654 331 149-0 6305 502 
1018 646 480 189-2 6-35 57 
143 86637 521 516 2186 6-28 665 539 
005 n. — 23-5 6-97 595 


8 


— 718 6-48 688 582 


very considerably smaller than those calculated from Walker and 
Cormack’s experiments. It will be seen, also, that the degree of ionisa- 
tion is but slightly increased on increasing the temperature from 18°C. to 
38° C. Unfortunately, the difficulty in deciding between these two sets 
of values of ð is not diminished by the fact that the values of k, calculated 
from the dilution formula are as little constant in the one case as in the 
other (cf. Tables III and. V). Nor is much help to be obtained from the 
work of recent writers on the ionic equilibrium in bicarbonate solutions: 

for example, Auerbach and Pick(1!) merely emphasise the desirability 
of further information on the degree of ionisation of sodium bicarbonate, 


Tam V. 


Concentration of NaH CO. 05 n. 03 n. 02 n. Oln. 005 n. 


6, mean value calculated from 
Hasselbalch’ 


at 38°C... -469 -497 841 882 
— 
0173 124 0098 0064 0⁰0⁴¹ 


while Seyler and Lloy dum assume with Stieglitz that it is approxi- 
mately equal to that. of sodium acetate at the same concentration. 
Under these circumstances all that is possible is to find by interpolation 
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from each set of calculations the corresponding values of 8 and k, at 
the concentration of the total available sodium in the blood, and from 
these to calculate A from the formula already given (p. 343). 

In the blood under consideration p is equal to 4-84 x 10-*: at this 
concentration of sodium bicarbonate the interpolated value of 8 from 
the results given in Table V is found to be -4421, and that of k, -01688. 


9 
4-10 4421 
4421 
219210. ‘ 
On the other hand from Walker and Cormack’s measurements at 
the same total bicarbonate concentration 8 is found to be -802 and 


ky 1572. 
4-10 x x -802 
Whence A= 1572 x1 BOD 1 502) 
=1-06 x 10. 


The agreement between these two results is as good as could be 
expected from the uncertainty of the values involved in their calculation. 
It will be remembered that the value of A obtained from the actual p, 
measurements on (reduced) blood was 1-54 x 10, i.e. about the mean 
of the calculated values. We are inclined, however, to regard the value 
of A calculated from Hasselbalch’s measurements as being the more 
nearly correct, and then to explain the divergence between this and the 
value obtained from the actual curves as being due to the unequal 
distribution of hydrogen ions between the corpuscles and plasma, and 
to the fact that the hydrogen electrode actually gives one a measure of 
the hydrogen-ion concentration of the plasma alone. These ideas have 
been elaborated in previous papers (5) (13). It is as if the value of A 
obtained from the p, curve refers to the plasma (under the particular 
conditions) while that calculated independently serves to give the total 
hydrogén-ion concentration in the whole blood including both plasma 
and corpuscle contents. In that case the difference between these two 
values should be such that it explains the divergence between the 
observed reaction of this blood, and that calculated from its total CO, 
content by Hasselbalch*s formula do. Now 

log . (1-92 x 10 — log . (1-54 x 10-*) =5-2833 5.1878 = 
while the divergence between calculated and observed p,,’s has pre- 
viously been shown (13, p. 322) to be -07. We regard this degree of 
correspondence as a striking confirmation of the theoretical explanation 
here put forward. 
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III. Discussion of Hasselbalch’ s views. 

Seeing that Hasselbalch(10) has brought forward a method for the 
calculation of the p of blood from its content of combined and free 
carbonic acid it is appropriate that a comparison should be drawn 
between the method of treatment of the problem which he has adopted 
and that which is here described. The formula he gives is 


Pu = Px, + log. 180) 
where [Bik. ] is the total equivalent concentration of combined CO, 
(calculated from the tension and solubility of CO,) 


and p. is a constant for any particular value of [Bik.] and is equal to 
log 8 — log ki where 5 and &, have the same significance as in all the 
above equations. — log i (which Hasselbalch denotes by the symbol 
p.) is, therefore, equal to — log 5. Now in calculating his values of 
Py from observations on the p, of bicarbonate solutions of known 
strengths at various tensions of carbon dioxide, Hasselbalch expresses 
the term [Bik.] in terms of gram-molecules of NaHCO, per litre, but the 
term [OO, ] in terms of equivalents, i.e. half-molecules of H, CO, per litre. 
Throughout the present article the concentrations of free carbonic 
acid have been expressed in terms of gram-molecules per litre, in 
which terms the value of 00 will be double that calculated by 
Hasselbalch’s method, so that its logarithm will be increased by -30 
approximately. The corresponding values of p, will, therefore, be 
diminished by this amount. Naturally this does not affect the calculation 
of the p of any solution from the concentrations of free and combined 
carbon dioxide according to Hasselbalch’s method provided the 
concentrations are always expressed in the units appropriate to the 
particular value taken for p, ; but in dealing with equations involving 
relationships between p or k, and pu, both free and combined carbon 
dioxide ‘must be expressed in molecular concentrations, for the value of 
k, is always so expressed. On these grounds it seems that the comparison 
drawn by Hasselbalch 60, p. 120) between the values of Py.» 8 and 
p might be open to criticism. He subtracts from the values of Py. 
calculated in terms of equivalent concentrations of free carbonic r 
at various concentrations of sodium bicarbonate the corresponding values 
of log 8 obtained from Walker and Cormack’s conductivity experi- 
ments already referred to, and finds that the values of p, so obtained 
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differ from the known value of 6-39 at 38° C. showing, in fact, a regular 
increase from 6-43 to 6-49 with increasing dilution of the solution. The 
agreement is not improved if the values of P,, are expressed in molecular 
units (which means a diminution of each to the extent of +30), for the 
values of , then range from 6-13 to 6-19, and there is a greater difference 
from the experimental value. But if, on the other hand, the values of 
8 caloulated above from Hasselbalch’s own experimental results be 
used in this way, the values of p. so obtained are constant, and agree 
with the value deduced in other ways. 


Tam VI. 
18° C. 38° C, 


— — 
NaHCO, ... In. 05 n. 03 n. 02 n. In. 006 n. 


6293 608 606 4608 «612 616 
8 calculated from 


“41 32 “44 “47 50 “64 58 


measurements 
log 8 eee —-39 — -23 — +36 --33 —-30 ~ 27 — 24 
Px, log 6652 6-51 6°39 6°39 6-38 6-39 6-39 


The consistency of these results is, to a certain extent, a reason for 
preferring the values of 5 used in obtaining them, but it must not be 
forgotten that in calculating 8 from Hasselbalch’s measurements, 
constant values for Ei of 3-04 x 107 and 4-10 x 107 at 18°C. and 
38° C., respectively, were used, so that it is to be expected that the 
values of p. (i.c.— log ki) should be constant when calculated by this 
reversed process. 

But there is a much more fundamental comparison to be drawn 
between Hasselbalch’s formula and that discussed in this paper. 
The former expresses the hydrogen-ion concentration in a solution of 
sodium bicarbonate exposed to a known tension of carbon dioxide. It 
applies to blood on the assumption that the whole of the combined carbon 
dioxide in blood is in the form of sodium bicarbonate, and by its means 
it is possible to calculate the p. of blood, or, indeed, of any similar 
bicarbonate system, at any desired CO, tension, provided that the 
concentration of bicarbonate in the system at that CO, tension is known 
—apart from the small divergences due, for example, to the separation 
of phases as in the corpuscles and plasma of blood. In other words, the 
Hasselbalch formula enables us to calculate the variations of p with 


changing carbon dioxide tension from the concomitant changes in carbon 
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dioxide content, i. e. from the CO, dissociation curve. But it tells us 
nothing as to the relation between the p,’s at various carbon dioxide 
tensions. On the other hand the present mode of treatment leads to a 
formula which expresses the relation between the reaction of the system 
at various carbon dioxide tensions: which is, in fact, the equation to the 
pn; CO, tension curve, and emphasises the condition that in blood the 
sodium bicarbonate is in equilibrium not only with the dissolved carbonic 
acid, but also with a second weak acid, hemoglobin, 

Hasselbalch recognises this qualitatively in a series of De! measure- 
ments on solutions containing both oxy-hszmoglobin and bicarbonate (14), 
but regards it as necessary to assume that this second weak acid varies 
in strength according to the reaction of the medium in which it occurs. 
In an earlier article (10, p. 127) he says that the form of the CO, dissocia- 
tion curve of blood could be explained on the assumption that the acid 
which is competing for the available base decreases in strength as the 
reaction of the fluid tends to approach the acid side. There is, of course, 
no question that hemoglobin is an amphoteric substance, but the results 
here presented seem to show that over the range of reaction considered— 
well on the alkaline side of its isoelectric point—its strength as an acid 
can be regarded as constant, the extent to which it shares with a second 
acid a given amount of a base being determined entirely, within this 
range of reaction, by its concentration, so that the increase in the 
concentration of the sodium bicarbonate which Hasselbalch has 
already recognised as occurring in blood as a result of increase of CO, 
tension would seem to be explained not by a diminution in the strength 
of the weak acid holding the available sodium, but to an increase in 
concentration of the carbonic acid which is competing for it. Lastly it 
remains but to point out that the two formule here discussed are in 
no sense antagonistic, for from that expressing the relationships in a 
protein-bicarbonate-carbonic acid system, by elimination of the terms 
relating to the concentration of the proteins, the Hasselbalch formula 
which applies to the bicarbonate-carbonic acid equilibrium may be 
obtained. Equation (7) may be written 

Bik. 
Pu = log p log a =) 

From the dilution 


the symbols bearing the usual meaning assigned to them throughout 
this article. Substituting this value of k, we have 
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which is identical with the Hasselbalch formula except for a slight 
difference in the significance of the term 8. In the Hasselbalch 
formula this represents the degree of ionisation of sodium bicarbonate 
under the conditions in which it finds itself in the system under con- 
sideration, and so varies, for example, with the bicarbonate concentra- 
tion: on the other hand the 8 of the present formula expresses the 
degree of ionisation of sodium bicarbonate at a concentration equal to 
that of the total available sodium present, and is independent of the 
particular concentration of bicarbonate present. In this point the 
present treatment differs slightly from that of Hasselbalch in as much 
as here the presence of ionised sodium salts of proteins (hemoglobin) is 
taken into account, and the sodium-ion concentration remains approxi- 
mately constant. In fact, the conditions in blood seem to resemble 
much more closely those in solutions of sodium bicarbonate containing 
sodium chloride, as in Milroy’s determinations (e), than in pure solutions 
of bicarbonate. The difference is certainly small—probably of the same 
order as the experimental error in electrometric determinations, but 
should be remembered in any discussion of the applicability of the 
Hasselbaleh formula to blood. 

In Table VII are recorded calculations from Milroy’s results (e) 


Taste VII. Degree of ionisation in sodium bicarbonate solutions containing sodium 
chloride calculated from Milroy’s hydrogen-ion measurements at 38° C. 


: Px, in 
3 terms of 
NaHCO, NaCl calculated Mean molecular 
con- con- P from value con- 
centration centration (unas Me.) Pu eqn. (8) of 3 centrations 
‘2 n. — 16-6 8-43 304 
32-3 8-23 372 
52-4 8-03 381 35 5-93 
In. In. 6˙2 337 
13-2 8-26 326 
22˙2 8-05 338 
35-6 7-90 387 347 5-93 
02 n. 18 n. 2-07 8-43 365 
‘ 11-6 7-66 313 
28-2 7-29 373 
59-6 386 359 5-04 
In. 19 n. 2-5? 8-37 -796 
| 5-8 7-27 147 
20-8 6-98 -270 
57-4 6-62 325 — — 


for sodium bicarbonate solutions containing sodium chloride at body 
temperature similar to those already given for pure solutions of sodium 
bicarbonate from Hasselbalch’s results. It will be seen that the 
presence of the sodium chloride diminishes the degree of ionisation of 
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the bicarbonate, but, at the same time, renders this independent of the 
sodium bicarbonate concentration, as Milroy supposed. From this it 
follows that the value of p is also independent of the bicarbonate 
concentration—a condition which forms a striking contrast to that 
found by Hasselbalch to obtain in pure bicarbonate solutions. The 
values given by Milroy for the most dilute solution he examined seem 
not to give consistent values for 8 in this way. 


IV. Comparison of the reaction changes in bicarbonate 
- solutions and in blood. 

It is of interest to enquire what evidence is furnished by ene 
mode of treatment with regard to the relation between the changes of 
reaction occurring in pure bicarbonate solutions and in blood when both 
suffer the same change of carbon dioxide tension. This question is of 
great importance, partly on account of the ur: f bicarbonate solutions 
for the replacement of fluid lost by hemorrhage, and for correcting a 
reduction of the normal alkalinity of the blood resulting from disease, 
and partly on account of the controversy which still continues as to 
which of the substances occurring in blood is chiefly responsible for the 
control of the changes in hydrogen-ion concentration which tend to be 
produced by variations of its CO, tension or content. On this subject 
there are at present two main views: that of Bayliss ds) according to 
which the most potent. “buffer” in the blood is sodium bicarbonate, 
and that of Moore(ié) in which the proteins are regarded as being the 
more important. The former of these writers maintains that the only 
function of sodium bicarbonate in the blood is to act as a buffer: that 
its concentration in the blood remains constant so that it is not at all 
concerned in the transport of carbon dioxide, which, he maintains, is 
brought about entirely through the agency of easily dissociable com- 
pounds between that gas and hemoglobin. Whatever views are held 
on these questions, two facts must be borne clearly in mind—firstly, 
that if one is prepared to admit that some fraction of the total carbon 
dioxide of the blood is combined as sodium bicarbonate, then the reaction 
of the blood, its CO, tension, and the amount of CO, combined as bicar- 
bonate will be related by the Hasselbalch formula. If all the combined 
carbon dioxide is in the form of bicarbonate, then this formula will 
apply to the whole of the CO, content of the blood; if a certain amount, 
say, the dissociable portion, is combined with hemoglobin or other 
protein, then the formula will apply only to the remainder which is in 
the form of bicarbonate, and which will, in general, only be known 
. eee combined with protein are 
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determined. And secondly—the changes in reaction in a pure bicarbonate 
solution with increase in CO, tension are certainly smaller than would 
occur in pure water—the bicarbonate is, to this extent a buffer salt: the 
changes of the reaction of the blood as its CO, tension is increased are 
also smaller than those in pure water under like conditions, so that the 
question at once arises as to whether the buffer effect in bicarbonate 
solutions is equal to or even similar to that in blood, for if the sodium 
bicarbonate alone regulates the reaction of the blood the reaction 
changes in a bicarbonate solution of appropriate strength should be 
identical with those found in blood. 

Now the data given by Hasselbalch do) enable one to calculate 
the pi in a solution of bicarbonate of any strength and at any CO, 
tension (within the limits of the applicability of his formula, which 
cover the range we are dealing with here). The results of some such 
calculations are recorded in Table VIII, and in Fig. 2 a comparison is 
drawn between the reaction changes in Parsons’ reduced blood, and 
in a solution of sodium bicarbonate of the same concentration as that 
of the available sodium in this blood, namely 4-84 x 10-*N. This 
figure forms the companion picture to Fig. 5 of part I of this paper d), 
in which the CO, dissociation curves of this blood and this bicarbonate — 
solution are compared. In the present case it will be seen that the bicar- 
bonate solution is throughout more alkaline than the blood at the same 
CO, tension, but that the difference becomes smaller at high CO, tensions 
so that the curves tend to coincide at a point at which the CO, tension 
will be sufficiently high to convert the whole of the available sodium of 
the blood into bicarbonate. The result is that the reaction changes in 
the blood are smaller than those in the bicarbonate solution, and this 
seems best to be explained by assuming that the proteins present act 
as weak acids and fend to keep the reaction more acid than in the 
bicarbonate solution—particularly at low tensions of carbon dioxide 
aun. sre more sudden, That is, the proteins act as 
buffers. 

The relative importance of the various blood proteins in this respect 
is difficult to decide. Haemoglobin is probably the most potent of them, 
as may be seen from Hasselbalch’s measurements on bicarbonate 
solutions with added hemoglobin (14) for these exhibit the same kind of 
effect as is brought out in the comparison between the bicarbonate 
solutions and the blood in Fig. 2. With regard to the plasma proteins 
the evidence is contradictory.. Hasselbalch quotes (10, p. 117) an ex- 
periment in which he found that the pi of a bicarbonate solution wag 
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VIII. Calculation of pn of NaHCO, solutions from Hasselbalch’s data 


Pu 
Poo, 
(mm. Hg) 065 n. 0484 n. 02 n. Ol n. 
10 8-21 8-19 7-86 7-60 
20 791 7-89 7-56 7-30 
30 7 7-72 7-38 7-12 
40 741 7-59 7:26 7-00 
50 7-61 7-5 7:16 
60 7-43 7-42 708 6-82 
70 7-37 7-35 7-02 6-75 
80 731 7-29 6-96 6-70 
100 7-21 7-19 6-86 6-60 
j 
| 
+3 
aig 
© 2 30 40 60 79 Brn 
Fig. 2. Comparison between reaction changes in blood and in 


bicarbonate solutions (Table VIII). 


reduced from 7-32 to 6-96 by the addition of dialysed bullock’s serum. 
Milroy‘, p. 267) finds that blood plasma is relatively more acid than 
-02 molar bicarbonate solution at low carbon dioxide tensions, and 
regards this as being due to the high protein content of the plasma. 
And Moore, McQueen and Webster(s6) state that “the regulatory 
action of serum is about tenfold that of an isotonic solution of sodium ; 
bicarbonate.” But Bayliss(15) using neutral red as an indicator failed 
to confirm this. It is to be noted that the difference between the blood 
plasma and the bicarbonate solution is less at high than at low CO, 
tensions: this circumstance, together with possible variations in the 
CO, tension at which these various observers carried out the dialysis of 
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the serum (which would mean that the proteins were present as sodium 
salts to varying extents) may help to explain these divergences. 

Doubtless the criticism may be made that the concentration of 
bicarbonate solution with which the blood has been compared has been 
decided from considerations involving the assumption that carbon 
dioxide does not combine directly with proteins. This, of course, is 
true; but a further examination shows that no matter what strength 
of bicarbonate solution is used for the comparison it is not possible to 
find one in which the reaction changes are the same as those in the blood. 
For from Table VIII it will be seen that the more dilute sodium 
bicarbonate solutions are much more acid than the stronger, and also 
than the blood, at the same carbon dioxide tension, but that in the case 
of all the solutions the reaction changes are much more pronounced than 
in blood. In Fig. 2 the curve of the reaction changes in a -02u.. NaHCO, 
solution is also given, and the gradual change in the properties of the 
blood from those of a -02 n. towards those of an (approximately) -05 n. 
bicarbonate solution is evident: the curve for the blood being coincident 
with that for the -02 n. solution at a point corresponding to a CO, tension 
of about 15 mm. Hg and then showing a less rapid increase of acidity 
with increasing CO, tension, so that it tends to approach the condition 
of the -05 n. solution. 

Naturally in the present argument it is necessary to use for com- 
parison a solution in which the concentration of bicarbonate is constant 
over the whole range of CO, tensions—which will be the case at all 
tensions above about 10 mm. Hg, because at such tensions the pro- 
portion of normal carbonate in the solution is vanishingly small (i, p. 57). 
Any assumption of a change in the bicarbonate concentration with 
increasing CO, tensions (above about 10 mm. Hg) would mean that the 
bicarbonate could play a part in the transport of carbon dioxide within 
the physiological limits—a possibility which is denied by Bayliss and 
by Buckmastera7). On the other hand, on the view put forward in 
Hasselbalch’s writings and in the present paper that the concentra- 
tion of sodium bicarbonate increases with increase of CO, tension, the 
CO, combining with sodium derived from sodium salts of proteins (so 
that the dissociable CO, which is transported by the blood is wholly 
in the form of sodium bicarbonate), it may be said that the buffer value 
of blood is equal to that of a bicarbonate solution, not of constant, but 
of gradually increasing strength, and that since the proteins have 
supplied the sodium necessary for the formation of this bicarbonate 
they also share, to that extent, in producing the buffer effect. 
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SumMMARY. 


1. The changes of hydrogen-ion concentration in blood produced 
by changes of carbon dioxide tension are such as occur in a system 
composed of carbonic acid and one other weak acid of constant strength 
with a fixed total amount of sodium distributed between them. 

2. The second weak acid which shares with carbonic acid the 
available sodium of the blood is, mainly, if not entirely, hemoglobin, 
for the effect of oxygenation on the reaction of the blood can be ex- 
plained in terms of an increase in the strength of this second weak acid. 

3. The degree of ionisation of sodium bicarbonate in aqueous 
solutions of various concentrations at body temperature has been 
calculated from observations on the reaction of such solutions: the 
values so obtained are smaller than those previously assumed for this 
quantity, a certain knowledge of which would make it possible to 
calculate the hydrogen-ion concentration curves of reduced and oxygen- 
ated blood from the respective CO, dissociation curves. 

4. A comparison between the reaction changes in blood and in 
bicarbonate solutions shows that, of the two, the blood possesses the 
greater efficiency as a buffer solution. Sodium bicarbonate is not, there- 
fore, the only buffer substance in the blood: it is assisted in this respect 
at least by the hemoglobin and possibly by the plasma proteins also. 

This work was carried out during the tenure of a research studentship at Sidney 
Sussex College, supplemented by a grant from the Medical Research Committee. 
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THE INFLUENCE OF THE STATE OF THE BLOOD ON 
THE INTERWORKING OF THE EYES. By WALTER 
M. COLEMAN.. 


In this paper I give a brief account of an experimental enquiry into the 
part played by phases of rest and work in regulating the activity of the 
eyes and into their apparent ability to function continuously. 

1, Panoramic vision. The experiments on this have been made 
as follows: In a black card 12-5 x 25 cm., two slits are cut about 
5 x 20mm. in size, the long diameters slanting outwards about 45° 


and with their near points exactly 65 mm. apart (Fig. 1). The ob- 


Fig. 1. Size of holes in card for Exp. I. 


server faces a window giving an unobstructed view of the sky and 
holding the card against the eyes moves it slowly outwards until it is 
about 4 inches from the eyes, then looks steadily through the slits for 
15 to 80 seconds. The slits are seen nearly touching one another, 
showing that the ocular axes are parallel. The observer then turns and 
faces a dimly lighted wall, closes the eyes, keeping them fixed, and 
waits for the play of after-images. The after-images seen are different 
for the two eyes, i.e. they are panoramic instead of being stereoscopic 
or binocular. 

It will be noticed that in this experiment the images fall on the nasal 
fields. 

To assist in holding the card steady and to prevent one eye from 
seeing both slits it is convenient to use a simple form of stereoscope 
without case and without lenses. To distinguish it from the form with 
lenses J call it an amphiscope. 

2. The control of aſter- images. When in the experiment given above 
both images are seen, they can be made to alternate by ceasing to breathe 
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voluntarily, dropping the breath for the expirations, the throat and 
respiratory muscles being relaxed. The alternation continues until after 
voluntary breathing is resumed; it can be stopped by breathing deeply 
and quickly; the cessation is not instantaneous but occurs after a short 
interval. 
The conclusion which I think may be drawn from these results 
is that, whilst both eyes function equally with full respiration, they 
work alternately, i. e. they rest each other, during deficient respiration. 
Whether the latter effect is produced directly by deficient oxygen in 
the blood, or by accumulation of metabolic products I am unable to say. 
The experiment throws light on what is, I think inappropriately, called 
binocular rivalry. 

3. The effect of fatigue on the after-images. The alternate action of 
the two eyes can also be caused by general fatigue, I have tested this 


by working at night and allowing myself only 4 to 5 hours’ sleep. On 
the day following there was alternation of the after-images more or less 
throughout the day; in one case observations were made twelve times 
at half hourly intervals, and alternation found on each occasion. 

4. Effect of muscular fatigue. By taking strong muscular exercise 
such as walking, I find that the time at which alternation begins on 
relaxation of respiration is much decreased. Thus in one experiment the 
alternation before muscular exercise began in 17 seconds after stopping 
voluntary breathing; after slight fatigue it began in 8 seconds, and after 
severe fatigue it began in 3 seconds. 

5. Alternation in vividness of sensation. In a card as in § 1, the slits 
are cut with their near points 45 mm. instead of 65 mm. apart; on 
looking through the slits as in § 1, the centres of the slits will fall on the 
macule, and the images will be seen crossing, so that their brightness 
can be easily compared. The brightness of the images usually at any 
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rate is not equal but they become equal with deep and rapid breathing, 
and the quadrilateral formed by their intersection will be seen to have 
four distinct sides (Fig. 2). On ceasing to breathe, without muscular 
tension, the images become unequal in brightness, and their intersection 
shows two sides only (Fig. 2). Thus the effect of changes in the ventila- 
tion of the blood in normal images is similar to that in the after-images. 

6. Alternations between the temporal and nasal fields of one eye. The 


question next suggested itself as to whether the temporal and nasal 


fields at times work together and at times relieve each other after the 

fashion of the eyes as a whole. Tests of this were made as follows: 
Two slanting holes, size 3 x 20 mm., were cut with their near points 

only 20 mm. apart, and a pinhole was 


made midway between them (Fig. 3). | : 
The pinhole was fixated for the usual 

time with one eye, the other eye being 

kept closed. The after-images of the | 


two holes were then viewed with at- Mig. 3. 232 n 
tention and forced breathing. Alter- 

nations between the images occurred every few seconds. Next the 
observer allowed his attention to lapse while he relaxed his throat and 
breathing muscles and waited for each breath to come involuntarily. 
After a few slow shallow breaths, both images became constant. They 
remained so for as long as the breathing was slow and lax. 

It thus appears that there is a partnership or “rivalry of the fields” 
similar to the so-called “ binocular rivalry.“ Experiments 2 and 6 taken 
together seem to prove that with surplus breath panoramic — 
alternate between temporal and nasal fields; with deficient breath they 
alternate between the two eyes. 

The results are quite different if the card is held so that the impressions 
of the slits are received by the upper and lower halves of the retina instead 
of the right and left halves. 

7. To settle these points clearly it is necessary to impress four separate 
images, one upon the right and left halves of each eye, at one time and 
study the behaviour of the four after-images. A four-hole card for this 
purpose is made as follows. 

Two pinholes are made 60 mm. apart on a horizontal line and four 
holes size 4 x 10 mm., each with a different slant are cut as in a, Fig. 4. 
Two of them are 6 inet: within, and two of them 12 mm. beyond, the 
pinholes. It is better to have the distances adjustable by making the 
two inner holes in small cards which slide in a window of the large card. 
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Thus overlapping of the holes when viewed panoramically can be 
prevented by adjusting their position. The four holes appear in the 
positions shown in ö of figure when viewed in panorama. If the eyes 
are then closed and the after-images viewed with attention as a whole 
picture and breath relaxed the after-images are seen for each retina as 


a, b, ce, IX d, /, 1 
Fig. 4. a, holes in card. b, as seen im panorama. c, after · image 
with deficient breathing; d. with excess of breathihg. 


a whole by turns (e, Fig. 4), i.c. the right and left pairs alternate. But 
if the images are now viewed with increased breathing and keen attention, 
the after-images regroup themselves as in d, Fig. 4, i.e. the two outer 
ones, falling on the nagal fields, appear together in turn with the two 
inner ones which represent the two temporal fields. 

8. The test may be repeated in a more convenient way by using the 
card of experiment 6 which has two holes and a pinhole for steadying 
the eyes, In use it is held toward a bright sky, the left eye being closed 
and the right eye fixating the pinhole (a, Fig. 5). After 12 seconds the 

a, & Ned d, * 


Fig. 5. @ and b, with deficient breathing, « and b, alternate; 
c and d, with excess of breathing, c and d, alternate. 


card is quickly inverted (b, Fig. 5), the right eye is closed and the left 
is opened and the pinhole fixated for 10 seconds. The after-images are 
then observed and controlled by changes in respiration as in the last 
experiment. With shallow relaxed breathing they appear in pairs, 
upright and inverted by turns (a, ö, Fig. ö) as they were seen on the card, 
i.e. there is alternate functioning of the retinee as a whole. But if the 
breathing is increased and the increase maintained, in a short while the 
after-images regroup themselves into new pairs by temporal and nasal 
fields as shown in e, d, Fig. 5. 


9. Another form of corroboration is to repeat the test of § 5, then to 
look at the X-shaped after-image (Fig. 6). If the two bars of the X 
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alternate as a whole this may be stopped by increased breath and viewing 
the intersection attentively. The upper half of the X will then alternate 
with the lower half. The right and left halves cannot be made to alternate 
in this way. | 


If in this test the after-images are viewed against a grey surface with 


open eyes the same results are obtained as when the eyes were closed for 
the after-images. Surplus ventilation elicits alternation of the fields, 
deficient ventilation elicits alternation of the eyes. 


10. Interworking of the eyes, tested in actual vision. It will be recalled 


that this was tested for small retinal areas in § 5, the changes in vividness 


or activity of function of each eye being indicated by interchanges of 
brightness in the slits. This interplay of activity may be made plainer 
by the use of coloured glasses in actual vision. A convergometer is used 
for showing the relation between movements of convergence and the 


Fig. 7. (1§ times actual size.) 


co-working of the eyes. This is made by cutting two slanting notches 
60 mm. apart in the edge of a card and marking a centimetre scale on 
this edge. A narrow slit is cut midway between the notches (Fig. 7). 
Next a pair of spectacles having one blue and one red glass, are put 
on the eyes. The tests are best made out of doors. The card is held 
about 15 cm. in front of the eyes. When the narrow slit is fixed with 
strong attention and increased breathing each half of the field of vision 
quickly assumes the tint of the glass on its side. Next the card is brought 
against the spectacles so that the two notches appear to coincide or to 
touch. The breath is now relaxed towards drowsiness and the card 
moved out slowly a few inches from the eyes. As long as the breaths 
remain shallow and relaxed and the notches appear close together or 
touching (showing the optical axes are parallel or nearly so) the entire 
field becomes successively red, blue or fused. With fusion, darker objects 
in the field appear bluish and lighter ones reddish. Next by converging 
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the eyes on the middle slit and increasing the breathing and attention, 


the left and right halves of the fields again become coloured differently. 
It is well known that in even the steadiest binocular fixation move- 


ments of displacement occur at short intervals. This experiment, as 


well as those of § 5 and § 9, indicates that in binocular fixation the swing 
is convergent-divergent and not right-left; that is to say, the temporal 
halves rest the nasal halves and vice versa. It is probable that in pan- 
oramic vision the crossed fibres only are brought into function; but in 
stereoscopic vision the direct fibres function also. 

It may be concluded that stereoscopic vision requires a higher degree 
of ventilation of the blood than panoramic vision, With surplus ventila- 
tion equality of vision for the two eyes is preserved, the paired temporal 
fields and the paired nasal fields functioning more vividly by turns; 
with deficient ventilation each eye functions as a whole, alternating in 
vividness with its mate. ; 

I wish to thank Professor Langley for courtesies at the Physiological 
Laboratory, Cambridge, while this work was being done, 
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PITCH DISCRIMINATION IN THE DOG. 
| By G. v. ANREP. 


(Institute of Experimental Medicine, Petrograd.) 


Wrram the last ten years considerable attention has been given to the 
investigation of the auditory capacity of dogs. The interest of the subject 
was not only aroused by a desire to prove conclusively that dogs are 
able to differentiate all the various properties of sound, but also in order 
to investigate the more intimate work of the brain by using the differ- 
Gntiative auditory capacities. The majority of treatises on the subject 
have been written by Russian authors under the guidance of Professor 
Paviov. Selionyi() was the first to investigate the auditory capacities 
of the dog. He proved that dogs possessed the faculty of discriminating 
absolute pitch. His dogs were not only able to differentiate between 
Guarter-tones, but could also distinguish combinations of sounds, such as 


' chords, and recognise the most subtle distinctions in timbre. Repeated 


Imvestigations on this subject, which had been originally attempted by 
Belionyi, led to the recognition of the marvellous perfection of the 
dog’s auditory system. Makovsky (2) proved that they also discriminate 
the value of pauses between them. Boormakin() observed the 
striking fact that their auditory power is sufficiently developed to 


enable them to distinguish sounds of 80,000 and 100,000 vibrations per 


second, thus attaining a far higher limit than the human auditory 
system. Babkinc showed that they appreciate the value of the 
musical pauses occurring in four consecutive notes and can discriminate 
the order in which the notes followed each other. Tihomirov(5) gave 
instances which prove their wonderful capacity for differentiating 
between the force of sounds. Concerning pitch discrimination, 
Eliasson(6) obtained a discrimination of half-tones; Nicholaiev(7) 
between sounds of 30,000 and 27,750 vibrations, that is less than half a 
tone’s difference; Nikiforovsky(s) got a differentiation between 
sounds of 461 and 435 vibrations per second. Finally Beliakov(9) 
obtained the highest point of pitch discrimination—that of } and ̊ tone 
interval. His dogs were actually able to recognise the difference between 
PH. Lilt. 24 
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sounds of 800, 812 and 825 vibrations per second respeotively. I have 
merely mentioned those authors who gave ground for asserting that 
the discrimination of sound is highly developed in dogs. I will not 
enumerate the various works which are inspired by this argument, and 
which concern the intimate activities of the brain. 

The results of all the experiments carried out on the dog’s auditory 
capacities show that they are quite capable of differentiating all the 
qualities of sounds: their pitch, timbre, force, source of origin and the 
order in which the sounds follow. 

Of foreign authors there are the older works of Kalischer do, 11) 
and Rothman n(12) who studied the same question, for the imperfect 
experiments of Goltz and Munk(3) can scarcely be taken into con- 
sideration. Whoever has studied the susceptibilities of animals to the 
effects of light, sound or other external influences, will realise how difficult 
it is to devise a really flawless method for the furtherance of this work. 
A closer knowledge of Kalischer’s writings shows the imperfection of 
his methods. Although his results correspond with the data of the 
Russian authors, his method gives rise to too many fallacies to justify a 
blind faith in his conclusions. Rothmann’s experiments were carried 
out by the same method as Kalischer’s and the slight alterations in 
the method he made did not greatly improve it. Swift dd) was another 


follower of Kalischer who succeeded in demonstrating a rough differ- - 


entiation between c and e“. 

In 1913 an article by H. M. Johnsons) (“Audition and Habit 
Formation in the Dog”) appeared in the Behavior Monographs. His 
results, however, radically denied one of the fundamental theories of our 
school. He states: The experiments have failed in showing to what 
extent the dog is sensitive to difference of pitch. They have not established 
that he is sensitive to pitch difference at all.” Professor Pavlov in 
consequence requested me to repeat the experiments on the dog’s 
auditory system with due regard for the data presented by Johnson. 


General observations on the methods of obtaining conditioned reflexes. 

Modern English literature is but little acquainted with the views of 
the Russian school upon the reflex activity of the central nervous 
system. (See Bayliss’ General Physiology.) 

The science of reflex activity, that is to say of the reactions of the 
animal's orgapism to stimulations of various receptors, brought about 


through the central nervous system, is studied by the Russian school 
under two main headings. 
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Under the first heading we have all reflexes of a general nature, 
which form the inevitable characteristic of the whole class of animals 
under consideration; they are the immutable outward signs of the 
central nervous system, inherited and existent in each animal from 
birth to death. | 

The second group includes the reflexes peculiar to individual animals 
and acquired by them in the course of their existence. The organism at 
birth presents merely greater or lesser possibilities for the formation of 
reflexes of the second group and their formation depends only on the 
conditions under which the animal lives. The second division is therefore 
referred to as the group of “conditioned reflexes.” 

The method of conditioned reflexes is practically a method of 
experimental formation of new reflexes. In this method the central 
nervous system is subjected to conditions under which invariably new 
reflexes, i. e. new connecting links between any receptor organ and any 
effector organ, are formed. For the formation of a similar new connection 
any receptor organ can be utilised. Concerning the effector part of the 
reflex, there are three systems in the organism which all can be used 
the so-called voluntary muscular system, the unstriated involuntary 
muscles and the glandular tissue. In conditioned reflexes we almost 
entirely use as effectors the salivary glands and for the following reasons: 
the salivary gland is a simple organ not a composite one, it is not 
like an extremity, which consists of several muscles; there are no tonic 
reflexes in the salivary gland which might interfere with our investiga- 
tions of the newly formed reflexes; the salivary gland is far more 
independent of other parts of the body than the muscular system where 
the state of every muscle is influenced by all, or practically all, the 
remaining muscles of the body; the activity of the salivary gland can 
be graduated with far greater facility than that of the muscles. 

The principal bases, the unalterable law for the formation of tempo- 
rary or conditioned reflexes demands that the action of the effector organ 
should coincide with a stimulation or with the traces left by a stimulation 
of any receptor organ. It is quite easy to awake the action of the salivary 
glands. Any inborn “unconditioned” reflex, producing a flow of saliva, 
can serve as the basis for the formation of a conditioned reflex. The 
introduction of food or of an emetic stimulus will throw into action our 
eflector organ, viz. the salivary gland. If this action is provoked several 
times during a stimulation of any receptor organ, a link will be formed 
between the stimulated receptor and the action of this salivary gland 
and the mere stimulation of the given receptor organ, even unaccom- 
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panied by an unconditioned stimulus will irrevocably throw the effector 
into action—thus a conditioned reflex is formed. Such a conditioned 
reflex, as I have stated, can be formed by any stimulus, visual, olfactory, 
auditory or cutaneous. 

The experiments on pitch discrimination were carried out by the 


Russian school with salivary conditioned reflexes—those of the other 


authors, including Johnson, with motor reflexes. 

As an argument against the salivary conditioned reflexes Y erkes(16) 
presents a whole series of objections, corroborated by Johnson: the 
latter writes: “Yerkes has remarked that there are several obvious 
disadvantages to this method : conditioned reflexes die out with repeated 
stimulation ; the quality of food given conditions a remarkable variation 
in the flow, and the rate of secretion is also conditioned by the time 
interval between stimuli. To this I would add the suggestion that there 
may be also a tendency to rhythmical change in the rate and quantity 
of secretion. Moreover, Selionyi tells us that the animal was affected 
by the ‘kind of movements’ made by the experimenter who had to be 
careful neither to move too quickly, nor to hold himself too rigidly 
quiet.” 

None of these objections are based on serious grounds. Conditioned 
salivary reflexes never die out, if sustained by unconditioned reflexes. 
Only if the conditioned stimulus is applied for a long time (several days) 
without the unconditioned one, does the conditioned reflex gradually 
die out. It would be quite easy to observe any irregularities in the 
degree of secretion, seeing that salivary reflexes are very easy to measure. 
The force of the reflex is immutable and, where identical conditions are 
maintained, it offers practically no variations at all. Quality of food, as 
stated by Johnson, can undoubtedly exercise a certain influence, 
seeing that the conditioned reflex is practically a diminutive copy of 
the unconditioned one, on which it is based. A change in the uncon- 
ditioned reflex does effect a similar change in the conditioned one. But 
an unvarying, unconditioned reflex will produce a constant conditioned 
reflex. It is, of course, unthinkable, that a certain conditioned reflex 
should be sustained by alternate unconditioned stimuli—meat, biscuits, 
acids or others, as each of these agents will create its own particular 
conditioned reflex. According to this, conditioned reflexes should be 
made only by the same unconditioned stimuli throughout, as a change 
in the last would give absolutely different conditions and form different 
and new conditioned reflexes. By maintaining these conditions the 
same throughout, the objections of Johnson are confuted. It should 


4 — 


e 
4 
1 4 
‘ 
j 
— . 
a 
* 
. 
x 
. 3 
é 4. 
2 
* 
= 
5 =. 
i> 
= 4 
* 
* 
v 
az 
2 
* 
7 
? ‘ 
~ 
＋ 
i 
j AN 
b 
‘ ‘tan 
| 
“i 
‘ 
* 
0 
7 
x * — * 


HEARING IN DOG. 371 


be remembered that the force of the unconditioned stimulus affects the 
strength of the conditioned reflex and that in consequence, an increase 
or decrease in the quantity of food stimuli would produce a similar 
change in the strength of the conditioned reflex saliva flow. Therefore 
one must use not only the same food as unconditioned stimulus, but 
also the same quantity of it in order not to alter the stimulus in strength. 
The time intervals between stimuli, as Johnson remarks, really do 
influence the strength of the reflex to a certain extent. But, first of all 
this influence is so small that it can not alter the results and secondly, 
this influence exerts quite definite and well-known alterations in the 
excitability of the central nervous system. Each stimulation is followed 
by a short increase and then a short decrease of the excitability, after 
which the reflex soon comes to its normal strength. These alterations 
are very small, do not usually exceed 3-6 p.c. of the reflex value and 
cannot interfere with the results of pitch discrimination experiments. 
In regard to Johnson’s statement that there may be also a tendency 
to rhythmical change in the rate and quantity of secretion, I may say 
that in the course of more than 20 years’ studies on conditioned reflexes, 
no one in Pavlov’s laboratory has ever met with it. The behaviour of 
the experimenter himself does strongly affect the conditioned reflexes, as 
every change in it brings new conditions into play and interferes with 
the previous complex of conditions under which the given conditioned 
reflex was obtained. At the present time the influence of the experi- 
menter as a source of interfering stimuli is excluded by absolute separa- 
tion of the experimenter from the animal. 

It would be ideal if the animal could be subjected exclusively to the 
stimulus under investigation, but this ideal is impossible of achievement, 
as the animal itself is a constant living source of innumerable stimuli. 
These stimuli often affect the muscular system very powerfully, although 
the salivary glands are not, strictly speaking, so dependent on them. 
It may be impossible to attain the ideal, but we can at least approach 
it. In order to do so the animal should be protected from all extraneous 
stimuli and this has been successfully accomplished in the new laboratory 
of the Institute. The thick external walls with double windows hardly 
admit a sound or a vibration from without into the experimenting room. 
The room itself is divided into an inner and outer part. The investigator 
works in the outer part of the room where a whole battery of rubber 
balls connects him through numerous mercurial electrical contacts with 
the inner part of the room. Compression of one or another of the balls 
causes a stimulus in the inner part of the room where the animal is 
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placed. The inner part of the room is separated from the outer one by a 


ceiling and by walls over two feet thick. The walls and the ceiling are 
made of compressed turf and a double massive door closes on pressure. 
- Repeated experiments proved that the very loudest conversation alone 
penetrated from the outer to the inner room and then only as a subdued 
murmur. Street noises and vibrations were absolutely inaudible, like- 
wise all noises associated with the work in the outer part of the experi- 
menting room. The inner part, intended for the animal, is windowless and 
illuminated by electric light. A periscope is inlaid in the wall in order 
to see the dog and the inner part of the yom during experiments. In 
the middle of the inner room is a table on which the dog is placed. The 
animal is secured by its collar to a transom beam above thie table and 
its paws fixed in string loops. (As a rule the dogs become so accustomed 
to this procedure, that they run as quickly as possible, and of their own 
accord; into the inner room, jump unaided on to the table and lift each 
paw in turn to be placed in the string loop.) | 

Seeing that we are dealing with the formation of salivary reflexes, 
all the dogs had a permanent fistula of the parotid duct. The record of 
the conditioned salivary flow was carried out in the following way: a 
small celluloid ball, provided with an upper and a lower tube, is attached 
to the parotid fistula by means of a so-called Mendelejev mask. The 
upper tube leads to the outer room entering a cistern with electrolytic 
fluid (solution Na, 80). 

As soon as the parotid gland commences to secrete saliva into the 
celluloid ball, the electrolytic fluid by means of air transmission moves 
into a horizontal tube connected with the cistern and ending in a hollow 
platinum electrode. This electrode is placed above a similar hollow 


platinum electrode and a current of air passes continually through the 


lower electrode; the suction exerted is regulated and unvarying. So 
soon as a drop of liquid appears on the upper electrode, it is sucked 
away by the air current and makes a contact at the same moment. In 
this way each drop can be recorded. Owing to the current of air, the 
drops are excessively small. By bringing the electrodes closer together 
the size of the drops can be made of 0-01 c. e. and even of 0-005 c. c. 
each. All the following experiments were made with 0-01 ¢.c. drops. 

Out through the lower tube, leading from the celluloid ball, the accu- 
mulated saliva is collected into a jar hanging underneath the dog; this 
is produced by diminishing the pressure in the jar. (All this, naturally, 


is done from the outer room.) During the experiment the lower tube 


closes automatically, so that ball and jar are disconnected. All connec- 


1 
* 
> 
* 
: 
44 
* 
i 
a 
* 
| 
4 
1 * 
> 
7 
d 
— 
q 
— 
5. 
Jo 
— 
3 
4 
4 
‘ 
> 
. 


HEARING IN DOG. 373 


tion between investigator and dog are therefore of a purely mechanical 
nature. 

The conditioned reflex is obtained in the following manner. The dog 
stands quietly on the table, the experimenter presses one of the small 
rubber balls, bringing into action the stimulus desired—in my case an 
auditory stimulus. After a few seconds (three to five seconds) the con- 
ditioned stimulus is stopped and an unconditioned stimulus is introduced. 
In my experiments a plate with a measured dose of biscuit powder was 
moved forward automatically. When the dog has finished eating, the 
plate is withdrawn, hidden behind a screen and automatically refilled 
with a fresh portion of powder. 

In order to test the pitch discrimination of the dog a sound of a 
particular pjtch was accompanied by the unconditioned stimulus, and 
the unconditioned stimulus was omitted with all sounds of any other 
pitch. The first note had best be referred to as an “active” one and the 
others as “inactive” sounds. 

Each dog puts in from about one to two hours’ work per diem. 
Intervals between stimuli vary from five to thirty-five minutes. 


After several combinations of the active tone with the unconditioned Fas 


stimulus, a test of the reflexes is made. In other words the auditory 
stimulus, instead of lasting five seconds only, is prolonged for any 
time desired—30 seconds and even over a whole minute. I, personally, 
have accepted 30 seconds as my time unit in testing the force of the 
reflex. The active note is of course strengthened by food after the test 
time is over, while the inactive ones are not. Each dog is subjected to 
8-10 stimuli per diem. The inactive notes were sounded in different 
order, sometimes in the beginning, sometimes in the middle and occasion- 
ally at the end of the experiment, sometimes two or three times in the 
day, sometimes only once. My dogs had a whole series of other not 
auditory conditioned reflexes and I usually mixed them during the 
experiment inducing now and then a cutaneous or visual conditioned 
stimulus. | 
Criticism of Johnson’ s experiments. 

Johnson formed motor conditioned reflexes. The response in his 
case was not due to the work of an individual group of muscles, but was 
based on the joint activity of practically the whole body. I have already 
dwelt on the inconveniences of studying conditioned reflexes on the 
muscular system. Johnson himself has drawn attention to the essen- 


, tially negative side of the motor reflexes investigated on the free animal, 
that is the dependence of reflexes on the position of the dog during the 
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stimulus. In my experiments there was no danger of such a difficulty 
as the dog was kept in the same position all through the experiment. 

The essential argument against Johnson’s methods is that in his 
investigations both the notes he wanted to make discriminate were 
accompanied by a food stimulus, although in each case the food was 
administered in a different place. This is not permissible from the 
standpoint of conditioned reflexes ; it is imperative that the active notes 
should acquire absolutely opposite qualities from the inactive ones. In 
any case food is far too powerful a stimulus to be counter-balanced by 
any change in the place where the food was administered. _ 

Double feeding was still more complicated by Johnson as if the 
dog failed to find the food and looked for it in the wrong place it was 
not fed at all and this for both sounds. The main objection to double 
feeding is what Johnson calls the “ position habit,” which he describes 
in the following words: “...every animal which I have used in dis- 
criminating tests...quickly forms the habit of reacting in a certain 
rhythm, or in a regular order as by taking a certain position, regardless 
of the stimulus presented.” In all probability in Johnson’s experiments 
the auditory stimulus merely represents one of a series of stimuli brought 
to bear on the animal’s brain, instead of being the only one. The dog 
did not make a conditioned reflex to the sound, but to some other 
stimulus or even it adopted the way of rhythmic choice. In his pre- 
liminary tests, Johnson got his dogs to differentiate between sounds 
of 256 and 389 vibrations per second respectively, but as soon as he 
repeated the experiments with a separation of the dog from the experi- 
menter by a wall, he was absolutely incapable of discerning any traces 
of pitch discrimination in his dogs at all. Despite 505 tests the dog 
showed no sign of pitch discrimination, a conclusive proof that the 
reflexes which appeared in the first instance were not due to any sound 
effect, but merely to some other stimulus arising from the experimenter 
himself. Johnson tried to avoid the negative side of his preliminary 
experiments by employing what he calls a “stimulus cage.” The 
animal was enclosed in a “stimulus cage”; when a certain note was 
sounded it was released and allowed to choose the direction down a 
series of corridors leading right and left. At a given sound the animal 
‘gained access to the right-hand corridor, whilst the corridor to the left 
was blocked—and vice versa at another sound: The blocking of the 
alternate passage was effected by means of a metal grating let into the 
floor through which an electric current was . so that the dog 
received a shock if it took the wrong turning. ‘ 
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From the standpoint of the Pavlov school everything in this method 
seems to have been done to hinder the achievement of a successful 
discrimination test. Double feeding was not abolished, the sounding of 
given notes was accompanied by a far stronger stimulus, viz. that of 
releasing the animal from the cage, and strong extra stimuli were 
present. A8 a matter of fact Johnson’s experiments gave negative 
results; as soon as the dog was released, it made for the right or for the 
left independently of the sounds. And finally when the dog was released 
without the accompaniment of any sound at all, it still ran down the 
corridors in quest of food. It is perfectly clear that in all these tests the 
reflexes were not conditioned by sound, but by the far greater stimulus 
produced by the animal’s release from the cage. At the same time the 
dog was given unlimited scope for the development of rhythmic and other 
reflexes, and the motor reflexes Johnson investigated must be prac- 
tically called by an unscientific word voluntary.” 

Being unsuccessful in obtaining evidence of a pitch discrimination, 
Johnson resorted to further auditory stimuli. In all his previous experi- 
ments he had made use of resonant tuning forks, but he now replaced 
them with a far more powerful stimulus in the shape of ordinary electric — 
buzzers of different pitch and timbre. In the previous experiments the 
tuning forks were placed next to each other and at some considerable 
distance from the stimulus cage. Now each buzzer was hung over its 
own particular food receptacle. When the right-hand buzzer sounded 
the dog was supposed to run to the right and vice versa. The terrifying 
electric grating was removed. The dogs soon differentiated the origin of 
the sounds and invariably ran in the correct direction for their food, 
guided by the sound of the buzzers. On deciding after this whether the 
reflex was conditioned by the difference in the pitch of the sound or by 
the place it originated from, it appeared to be the latter, as by changing 
the position of the buzzers, the dogs ran straight for the new place of 
origin of the sound and not in the previous direction where the given 
buzzer originally was. 

From his experiments Johnson draws the conclusion that dogs are 
unable to discriminate pure sounds by their pitch and can only recognise 
noises and blurred sounds and these mainly by the place whence they 


“a The production of pure sounds. 
In criticising the usual methods of sound production, Johnson 
proved that they did not give an even pitch or a clear tone, but that 
the sounds produced vary in force and composition owing to the large 
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number of extra tones, and in studying the pitch discrimination he had 
to exclude all other qualities in the sounds he used. In other words he 
had to equalize both sounds in regard to force, timbre and source of 
origin, leaving only the difference in the number of vibrations produced 
by each. Having dismissed as impractical for the purpose all ordinary 
wind instruments, bottle whistles, organ pipes and mouth organs, 
Stern variators, etc., he decided on a system of tandem driven tuning- 
forks, primarily adopted by Helmholtz for pure sound production. 
The first tuning-fork, placed 100 feet from the experimenting room, was 
set in motion by an electro-magnet and the ensuing vibrations were 
transmitted through another electro-magnet to a second tuning-fork. 
A condenser was situated in the circuit. The second tuning-fork was 
placed in the experimenting room and was provided with a resonator. 
The condenser in the circuit was supposed to eliminate the noise of 
sparking. 

We have long sought a method for obtaining pure sounds in our 
laboratories and have made use of an apparatus similar to the one 
employed by Johnson. I must, however, own that all the instruments, 
the tandem driven tuning-forks inclusive, failed to achieve the desired 
results. To begin with, it is quite impossible to eliminate the traces of 
the noise of sparking by means of a condenser placed in the circuit. 
Distance and the resonator added to the second fork could not help it. 
None of Johnson’s sounds were therefore pure. 7 

To obtain really pure sounds I had to resort to a rather difficult 
system, the idea of which based on sinusoidal current was given by 
Thaddeus Cahilla7). The sinusoidal current was obtained by means 
of electric resonances. 

The apparatus constructed for my investigations consists of a 
synchronous motor, driven by an alternating current from the Central 
Power Station at Petrograd. The shaft of the synchronous motor is 
provided with several pinions each with a different number of teeth. 
Every “pinion has its own electro-magnet. The secondary circuit of the 
electro-magnet in each pinion is connected with an induction coil in the 
experimenting room. A condenser is placed in the secondary circuit 
and both condenser and coil (in the experimenting room) are carefully 
adjusted with a view to obtaining the maximum effect of electric 
resonance. Consequently, in the apparatus described, the condenser 
introduced a certain capacity which at the given periodicity of the 
current compensated the self induction. This is the only method by 
which a true sinusoidal can be obtained. If an electro-motive force is 
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applied to a system in which self-induction is not compensated, the 
current will fail to react immediately to its full limit. One result would 
be that the sinusoidal curve of the current would either advance or recede 
from the sinusoidal curve of the electromotive force. In this case the 
maximum of the current would not coincide with the maximum of the 
electromotive force. In the case when the capacity of the circuit at a given 
periodicity compensates the self-induction the difference between the 
phases of the current and of the electromotive force will be equal to zero. 
Thus is the resonance obtained. The secondary induction coil in the 
experimenting room is adjustable, so that the induced current can be 
subjected to desired variations in force. The secondary coil is connected 
with the sound generator in the room where the dog is placed. 

A telephone is used as sound generator, it was built in the guise of a 
resonator and tuned to the requisite pitch; the resonating diaphragm 
formed the bottom of the resonator. An undesirable feature of this 
apparatus was a certain dependence on the irregular working of the 
Central Power Station. The degree of this irregularity was ascertained 
by means of sound interference with a corresponding tuning-fork. The 
aberration of sound seldom rose to 1 p.c. and the correction of this 
insignificant value was made by automatic rotation of the stator of the 
synchronous motor. 

The pinion-bearing shaft is provided with a fly-wheel filled with 
mercury ; this fly-wheel completely absorbs the pendulous vibrations of 
the speed of the motor. All the switches for the primary current from 
the accumulators and for the intermittent currents supplying the 
telephones were mercurial. 

A maximum purity of tone is thus guaranteed. According to desire 
the force of the sounds could be varied over broad limits. The direction 
of the sounds could be made to coincide by altering the position of the 
telephone. The timbre was absent as in all pure sounds. The absolute 
height of the sound could be gauged by a simple calculation; the syn- 
chronous motor gives 21-25 revolutions per second, the number of teeth 
on the cog wheels is equal to 30, 32, 34, 40 and 50 respectively. By 
multiplying the corresponding number of teeth by 21-25 we obtain the 
number of fluctuations of the sinusoidal wave and of the periodicity of 
the sound waves. The absolute height of the sounds was equal to 637-5; 
680; 722-5; 850 and 1062-5 vibrations per second respectively. 

The investigations concerning the purity of the sounds are based 
on the so-called “sound shadow” phenomenon, when a reflected sound 
wave on meeting the direct wave forms nodes of interference. If in 
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these nodes some instrument for sound reception is placed a so-called 
“sound shadow” (number of sound vibrations—zero) is proved in the 
case of all pure sounds. If the sound is not quite pure all the extra tones 
which have crept into the fundamental wave will now assert them- 
selves. When estimating the purity of sounds produced by Stern 
variators (set in motion by a flow of air under constant pressure), by 
organ pipes and by the tandem driven tuning-forks, all noises and over- 
tones asserted themselves in the sound shadows. In Johnson’s 
apparatus in the spot where the fundamental sound disappeared, the 
noise and the tone of the first tuning-fork were distinctly audible. The 
sounds used in my experiments proved a perfect sound shadow: the 
human ear could no longer distinguish a single sound. The tests were 
repeated a great number of times and by many people. There was also 
made a test with a quite objective method by means of a soap film 
resonator and with the same positive result. 
Experimental results. 

Four dogs were used for the experiments; all of them had already 
served in the laboratory for a long time and displayed much zeal in 
their work. They ran into the experimenting room and jumped unaided 
on to the table, behaved with great calm during the experiments and 
secreted no saliva at all in the intervals between stimuli. 

The first series of experiments on all the four dogs was to make a 
simple conditioned reflex to a pure sound of 637-5 vibrations per second. 
Two of my dogs had already this reflex previously to my experiments 
so that I had merely to restore it; the other two were unused to sound 
reflexes and I had to establish their reflexes from the very beginning. 

I have previously explained how the conditioned reflexes are made: 
a note is sounded for 5 seconds and then after a lapse of 2-3 seconds the 
unconditioned stimulus is induced. To test the strength of the new 
reflex the sound is prolonged for 30 seconds and the quantity of saliva 
secreted during this pause serves to determine the strength of the reflex. 


The process of re-establishing the conditioned reflexes in the first 


two dogs is shown in Tables I and II, where all the data referring to the 
30 seconds tests will be found. My, predecessor who had worked with 
Dogs 1 and 2 had established conditioned reflexes on sounds of 637-5 
and 1062-5 vibrations per second. To begin with I strengthened both of 
these reflexes. As both animals had been resting for over four months 
their reflexes had greatly diminished. 

As the dogs had a whole series of conditioned reflexes from other 
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RS-ESTABLISHING OF THE ConDrITIONED REFLExzEs TO SouNDS or 
637-5 An 1062-5 vrerations, 


\ 
\ , Taste I. Dog 1. 
637°5 vibrations 1062 5 vibrations 
of 
=. 
= 
Latent 
days stimulus in drops period stimulus in drops period 
1 1 17 15 sec, 1 20 13 sec. 
5 12 40 5 „ ll 45 4 „ 
7 16 62 * 17 65 a 
10 25 66 . + 27 61 2 „ 
15 37 60 9 35 59 3 „ 
Taste II. Dog 2. 
1 1 20 11 sec, 1 35 8 sec. 
2 5 40 ee 6 45 ee 
5 ll 85 2 „ 14 90 tere 
25 85 80 87 
27 90 84 86 85 


receptors which were also tested each. working day only 3 to 5 com- 
binations were reserved for auditory stimuli. 

It is obvious from these two tables that the reflexes were re-estab- 
lished rapidly. The strength of the reflex in Dog 1 varied from 60 to 70 
drops of saliva in 30 seconds and from 80 to 90 drops in Dog 2. Tables 
III and IV show the calculations of the reflexes formed on a pure note 
of 6375 vibrations per second in Dogs 3 and 4, both of which had no 
sound reflexes before. 


ce Ruvuzxes to 4 ov 637-5 


PER SECOND. 
Tam IIT. Dog. 3. 
Number of 
combinations with 8 of 
the unconditioned reflex in 30 
Working days stimulus seconds in drops Latent period 

1 1 0 pane 
3 9 18 15 
5 15 30 4 
ll 31 65 2 
14 41 6⁴ 3 
17 51 69 2 


Tables III and IV prove that the reflex reached its maximum strength 
at about the 30th combination, i.e. not so rapidly as in the tests with 
Dogs 1 and 2 which had merely to re-establish their reflex. 7 
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Tam IV. Dog 4 


Strength of 
Number of reflex in 30 
Working days combinations seconds in drops Latent period 
1 : 0 
3 10 6 18 
7 20 20 8 
10 30 60 2 
13 40 62 : 
16 50 59 2 


When the reflex could be considered to have reached a determined 
and unvarying strength, I undertook to work out the differentiation 
between the sound of 637-5 and the sound of 1062-5 vibrations per 
second. As previously explained, the differentiation was worked out in 
the following manner: whilst the active sound of 637-5 vibrations per 
second had been constantly strengthened by unconditioned stimuli, the 
sound which had to be made inactive, i. e. the one of 1062-5 vibrations 
received no strengthening at all. The process of establishing this rather 
rough differentiation is shown in Tables V and VI. 


OF Ton oF 1062-5 
Tastz V. Dog 1. 


Strength of After discharge 
Working Number of reflex in 30 * —. Latent 
days tests seconds in drops in seconds period 
1 1 67 154 203 1 
8 8 26 66 115 2 
5 9 22 50 90 3 
8 13 11 33 50 2 
9 16 8 25 45 2 
12 19 5 14 20 15 
13 20 0 18 20 35 
15 23 0 0 0 — 
16 24 0 0 0 — 
18 25 0 0 0 — 
Tam VI. Dog 3. 

1 1 51 163 115 3 
3 3 30 95 110 6 
5 5 18 53 60 7 
6 6 0 25 45 10 

7 8 3 28 40 3 

11 13 0 2 30 38 
12 14 0 0 0 — 
20 25 0 0 0 — 


Table V shows the process by which the differentiation was obtained. 


No saliva was ever secreted during subsequent * with the 
1062-5 vibration sound. 


Table VI shows that Dog 3 developed the same differentiation far 
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more rapidly than Dog 1. The same was observed in Dog 4 when com- 
pared with Dog 2. The second animal obtained zero at the 28th attempt, 
Dog 4 at the 9th. I am not giving a corresponding table for Dogs 2 and 
4 as it would be merely repetition. 

If Tables V and VI are compared we see that there is no great differ- 
ence between both animals in respect to their first reaction to the sound 
that was to be made inactive, which is of an important significance. 
Dog 1 had had previously a positive conditioned reflex to this sound 
and had now to convert it to a negative one. Dog 3 had simply to 
establish a negative reaction. No doubt the strong reflex to the sound 
in Dog 1 is to be explained by the previously established conditioned 
reflex. This explanation cannot be put forward for the same reaction 
in Dog 3 to a sound which was never used. The explanation is to be 
sought in the phenomenon of irradiation. Irradiation of excitation and 
inhibition is very common in conditioned reflex and was studied in 
many series of experiments and in respect to all the analysers of the 
body. (In conditioned reflex terminology analyser is called the 
effector with the part of the cortex it leads to.) The irradiation of the 
inhibitory process could he seen in my experiments, for the initial 
positive reflex considerably diminished the whole time a new sound 
discrimination was developing (sometimes over 25-30 p.c.). But as 
soon as the new discrimination is established, the initial reflex soon 
attains its normal value. The wave of irradiation can now be studied 
in its time relation and the laws of the cortical irradiation-process of 
conditioned reflexes seem to be firmly established. 

The rough differentiation between 637-5 and 1062-5 sound variations 
obtained, I undertook to work out a more subtle one, using the sound 
of 850 vibrations per second as inactive. I shall merely quote the figures 
referring to Dog ee 
observed in the other dogs. 


DIFFERENTIATION OF TONE OF 850 VIBRATIONS. 
Taste VII. Dog 1. 


After discharge 
Working Number of reflex in 30 — ~ Latent 
days tests seconds in drops in seconds period 
1 I 12 25 40 7 
2 3 4 11 20 15 
3 4 0 8 20 37 
4 6 0 0 0 — 
5 7 0 0 0 — 
15 20 0 0 0 — 
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The last differentiation was obtained far more rapidly than in the 
first one, for zero was obtained at the 6th sounding of the inactive 
note. Dog 2 worked out the differentiation at the 12th test, Dog 3 at 
the 9th, and Dog 4 at the 4th attempt. 

Once having established a differentiation of a sound of 850 vibrations 
per second, I proceeded to a differentiation of a sound of 722-5 vibrations, 
i.e. of less than a full tone’s difference from the active sound. I shall 
once again confine myself exclusively to data in connection with Dog 1 
which are given in Table VIII. 


OF Toxx OF 722-5 VIBRATIONS, 


Taste VIII. Dog 1. 
of After discharge 
Working Number of reflex in 30 - A ~ Latent 
days tests seconds in drops in seconds period 
i 1 22 81 95 20 
2 3 20 48 2 18 
3 5 8 24 60 23 
4 6 0 20 55 45 
5 7 0 5 40 50 
6 8 0 0 0 — 
10 16 0 0 0 — 


Dog 2 attained full differentiation at the 17th test, Dog 3 at the 
6th, and Dog 4 at the 5th. These tests alone are sufficient — that 
dogs are able to discriminate pitch. 

All my subsequent experiments were carried out with a view to 
proving that the experiments are really based on pitch discrimination 
and not on differences in other properties of the sounds used, which 
could not be fully eliminated. For this I altered the strength of the 
reflex in various ways, alternatively weakening and strengthening the 
active and inactive sounds. In varying the strength of the active sound 
a corresponding change was observed in the strength of the reflex. The 
difference in the reflex by dealing with an exceptionally strong and very 
weak sound rarely exceeded 25 p.c. The latent period was slightly 
longer in the weak sounds. 

The strengthening of the inactive sounds resulted in traces of a very 
slight secretion (3-7 drops) but only in the first test, whilst subsequent 
tests registered zero. The weakening of the inactive sounds did not 
result in any secretion. An objection may be made that if the inactive 
sounds were prolonged over 30 seconds the reflex might appear. In the 
course of my experiments I prolonged many times the inactive tone to 
60-120-180 or more seconds but the sound continued to remain inactive. 
Fig. 1 and Fig. 2 show conditioned reflexes of 30 and 60 seconds duration. 
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As both sounds were received through different telephones, it is 
clear that they varied in the place of their origin. The instruments were 


really separated from each other by one inch only and it seemed little 
probable that the dog could discriminate the sounds by such a small 


>. 


5 Fie, I. Dog I. U — shows the conditioned reflex to a tone of 637-5 vibrations. 
The tone 
8 mark. The third third mark shows of the unconditioned Each 


9 Fic. 2. Dog 1. Same as in Fig. 1, but both tones continued for 60 seconds. Full dis- 
crimination: active tone 637-5 vibrations—128 drops; inactive tone 680 vibrations- 
note. 


difference in origin. But still, in order to be quite sure, I determined to 
test it by interchanging the position of the telephones; the result was 
that the active sounds remained active despite the change, and the 
} _inaetive ones remained likewise inactive. 


PH. Lin. 25 
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Further investigations of the discrimination of pitch proving 
Paces I continued my experiments with Dog 1 until a differentia- 
tion of 680 vibrations was obtained. This differentiation was reached 
with the same rapidity as in the preceding cases. The dog obtained a 
complete (see Figs. 1 and 2) differentiation at the 10th test. 

Action of Extra-stimuli. All the differentiations obtained were 
absolutely stable and reliable. Only when affected by extra-stimulus 
did the differentiation become inbibited. According to data collected 
we have every reason to regard the differentiation obtained not as the 
result of an unsusceptibility worked out by the nervous system to the 
inactive stimulus, but as the result of true inhibition. Consequently the 
inactive note does not figure as an ineffective stimulus, but as an 
inhibitive factor. Each extra stimulus in turn inhibits the conditioned 
activity of the brain, superimposing itself on the process it encounters in 
every part of the same. If it meets with excitation it inhibits the 
excitatory process, if it meets with inhibition it inhibits the inhibition. 
In the second case the primary inhibited reflex (in my case the inactive 
tone) is to assert itself during the inhibition of inhibition. I will quote 
an example to illustrate the point. The strength of the reflex conditioned 
by the active sound varied from 80 to 90 drops in Dog 2. During one 
of the tests the noise of a heavy apparatus falling in the next room 
penetrated to the experimenting room. The reflex was promptly inhibited 
and, instead of the usual number, 30 drops only were secreted. In 
another case I produced the noise on purpose by adding to the active 
tone the sound of a beating metronome, the reflex diminished to 14 
drops. On repetition, the extra-stimulus gets less effective and soon 
takes the character of the conditioned stimulus with which it coincides, 
inhibitory or excitatory. If an extra-stimulus is induced during the 
presentation of the inactive tone, one gets the opposite effect—the 
inactive tone becomes active as the inhibitory state of the brain is 
inhibited in its turn by the extra stimulus. This is an example: After 
repeated experiments with Dog 4, when the differentiation of the second 
sound had been firmly established, something irritated the mucous 

membrane of the animal’s nose and the dog sneezed. Three minutes 
later an inactive note was sounded and instead of the zero antici- 
pated, 28 drops of saliva were registered. No secretion was caused by 
the sneezing, but the irritation produced inhibited the inhibition. 
In another case, when experimenting with Dog 4, a large fly flew 
into the room: this very slight noise was quite sufficient to inhibit the 
inhibition and to cause the secretion of 15 drops. If a metronome or a 
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simple bell is set in action during the sound of the inactive tone, one gets 
a still greater effect. 

Dr E. A. Hannike, head of the Physico-Physiological Department 
of the Institute, is, responsible for the construction and division of the 


synchronous motor for the pure sounds, of the automatic drop recorder 
and the physical installations. 


SuMMARY. 


The statement of Pavlov’s school concerning fine auditory differ- 
ential capacity in dogs is true also for pure tones, i. e. dogs have a highly 
developed pitch discrimination. Johnson’s deductions are explained 
by the fallacies of his method. 

Note. Johnson considers that a slight variation in the auditory 
stimuli might prove strong enough for a salivary reflex, though not 
strong enough for the voluntary muscular system. This supposition has 
no support in my experiments as I many times observed that the dogs, 
hearing the active sound, tried to reach the food plate bringing to play 
the entire muscular system of their bodies. The sound of the inactive 
note left them perfectly quiet or even gave a negative motor reaction 
and the dogs turned their heads from the receptacle on hearing the 
sound. It therefore follows that Johnson’s theory concerning a partial 
power of pitch discrimination is incorrect. Dogs possess a full pitch 
discrimination power and if a suitable method is used it can be observed 
on muscular and salivary reflexes equally well. 


(i) Selionyi. Dissertation. 1907. 


2) Makovseky. Ibid. Petrograd. 1908. 

(3) Boormakin. Ibid. Petrograd. 1909. 

(4) Babkin. Petrograd. 1910. 
(5) Tihomirov. Ibid. 


(8) Nikiforovek 
(9) Beliakov. Thid. 1911. 
(10) Kalischer. Si d. K k. Akad. d. Wiss. Wien. 1907. 
13 Kalischer. Arch. ‘Anat. a. Physiol 1909. 
) Rothmann. Ibid. 
(13) Munk; Goltz, Ueber den Hund ohne Grosshirn. Berlin. 1894. an von 
Hirn und Rückenmark. Berlin. 1909. Ueber die Funktionen der Grossgehirnrinde. 


Berlin. 1890. 
15 Johne — — 1013. 
ohnson. or 
(16) Yerkes and Morgulis. Peyehologeal Bulletin, 1909. 
(17) Cahill, Scientific American, 94, No. 13. 1906. 
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THE EFFECT OF THYRO-PARATHYREOIDECTOMY ON 
THE HEART AND CIRCULATION. Part II. Action of 
Guanidin on the Heart of the Frog. By DAVID BURNS 
AND ALEXANDER WATSON. | 


(From the Department of Physiology, University of Glasgow.) 


In the first paper of this series (1) quantitative confirmation was given 
of an observation of Putzeys and Swaen@) that guanidin sulphate 
produces a block in the vago-cardiac inhibitory mechanism. It was 
shown by us that this applied to any salt of guanidin and that the block 
so produced is more or less removed by the administration of calcium 
salts. A similar interference occurs after removal of the parathyreoid 
glands in cats and dogs. Nosl Paton and Findlay) found that the 
motor nerve endings in skeletal muscle are first stimulated and later 
paralysed, and the inhibitory preganglionic synapses on the path to the 
heart are also paralysed by guanidin d). The work now submitted was 
undertaken to determine whether this nicotine-like action of guanidin 
afforded sufficient explanation for the circulatory disturbances follow- 
ing parathyreoidectomy. The salts of guanidin used were carbonate, 
hydrochloride, sulphate and lactate. Morrell and Bellars(4) have 
shown that guanidin is easily dissociated, being 0-8 as strong a base 
as sodium hydrate. Previous preliminary experiments demonstrated to 
us that, in the dosage we employed, only the cation was significant. 
The solutions used were, except where otherwise indicated, neutral to 
phenolphthalein and isotonic with 0-7 p. c. sodium chloride. 

Heart. Heart tracings were taken before and after the administration 
of guanidin by: (1) injection into the dorsal sac; (2) painting on the 
heart wholly or partially; (3) bathing the excised heart in guanidin 
solutions, before and after poisoning with atropine. 

Our almost invariable result, no matter how the guanidin was 
administered, was a marked cardiac retardation. 

In all cases in which 1 p.c. guanidin was used the rate of beat de- 
creased and the heart stopped in diastole. When the guanidin was 
replaced by Ringer’s fluid, the rate gradually increased until it was almost 
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as great as originally. (Cf. exp. 23.) When the heart had been once 
stopped by guanidin, and had recovered by treatment with Ringer, a 
longer time in Ringer was required to recover the heart from a subse- 
quent stoppage by guanidin. The effect of more dilute solutions varies 
in different cases ; 0-8 p.c. may have no effect or it may stop the heart; 
0-5 p.c. has little or no effect when it is first applied, but may stop the 
heart after recovery from stoppage by 1 p.c. guanidin; 0-25 p.c. has no 
eflect or only a trifling slowing. When the heart was contracting feebly 
in Ringer’s fluid it was often noticed that after recovery there was a 
marked increase in the extent of contraction. (Cf. exp. 27.) In others, 
an increase in the extent of contraction was observed while the heart 
was immersed in guanidin. 

In 10 out of 30 experiments there was an initial acceleration. This 
is in partial agreement with the work of Putzeys and Swaen@) who 
found that guanidin sulphate produced an initial quickening followed 
by a prolonged slowing of the heart of frogs. This cardiac retardation, 
in the light of the experiments detailed in Part I of this paper, may be 
explained by the nicotine-like action of guanidin on the vago-cardiac 
mechanism. It is well known that nicotine first stimulates and then 
paralyses the preganglionic fibres. That the slowing might be accounted 
for by the stimulation of the preganglionic fibres of the vagi by guanidin 
is shown by the blocking action of atropine. In Table III is shown the 
effect of bathing the excised heart of the frog in 0-9-1-7 p. c. solutions 
of guanidin salts after the postganglionic fibres had been poisoned by 
atropine. After atropine, guanidin, in seven out of eight frogs, acceler- 
ated the heart beat. In two frogs cardiac retardation occurs at a later 
period of guanidin poisoning than would be the case in the non-atro- 
pinised frog. It seems reasonable to infer that this slowing of the heart 
is caused by the atropine having been washed out by the perfusion 
fluid, and so restoring the postganglionic fibres to the normal state of 
being conductors of the impulses induced by guanidin. A glance at 
Table III will serve to confirm this supposition. After bathing the 
excised atropinised heart in Ringer’s solution, guanidin produces a 
distinct cardio-retardation. There is also no doubt that, after prolonged 
treatment with guanidin or after large doses, the accelerator fibres are 
paralysed and thus tend to the slowing of the beat (as suggested by 
Putzeys and Swaen, ibid.). 

The initial acceleration reported by Putzeys and Swaen (ibid.) 
and by us in some cases may be due to a stimulation of the endings of 
the accelerator nerves to the heart. These nerves are untouched by 
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atropine, and in the atropinised heart quickening is invariably caused 
by guanidin. Later, or after larger doses, guanidin ceases to stimulate 
the accelerator nerve endings and thus allows the heart to slow. 


Error or ox Rata or Bat or ram Hnanr ov Faoas. 
Tam I. Heart in situ (19 expte.). 


* Beats per minute 
After guanidin 
Number of Expt. Normal Immediate 2 mins. 4 mins. later 
(a) Injected. 
1, 36 36 30 
3. 45 9 15 
b) Partial 
4 aoe 45 39 33 30 
8. 36 40 24 12 
e) Complete Painting. 

1 14. 54 48 30 24 
18. 48 960 48 36 
Tant II. Excised heart bathed in solution (II expte.). 

No.of In of mG — Ringer after 

0. n. ore 

Expt. iat Gn., HCl HCl recovery recovery 

% secs. secs. 

23 a. 54 10 19 — 47 50 
b. 50 10 — 18 80 48 
0. 48 10 — 19 120 45 

re 45 10 — 23 105 46 
e. 46 10 — 24 170 40 
J. 40 1-0 — 36 190 — 

27 a. ed 0-25 54 — — 44 
b. 44 0-5 49 — — 39 
c. 39 10 — — — 28 
d. 28 0-25 29 — — 28 
é. 28 0-5 — 33 8 30 


Taste III. Excised heart after atropine (8 expts.). 
— After After 
No. 3 Normal atropine guanidin Ringer Guanidin 


22 0-9 30 13 19 22 20 
18 
15 17 
34 1-7 48 13 15...10 ‘3 8 mine in 14 13 
ger 
72 till 


___ Peripheral vessels. The peripheral blood vessels were perfused with 
solutions containing salts of guanidin before and after poisoning with 


_ atropine. From a comparison of Tables I and II it is obvious that, for 
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Taste IV. Perfusion of peripheral vessels (9 expts.). 


Drops per minute 

Guanidin | 
No. Ringer immediate 3 mins. 4 mins. 10 mins. atropine Ringer 

(a) Normal. 
42 60 30 50 — 20 4 12 
43 70 60 — 30 — 12 — 
| 3 70 (after 2 hrs.) 

(6) Atropinised. 
45 80 80 15 * 55 — — 60 (1 min.) 
(2nd dose) 60 75 — — — — 6 (2 mine.) 
46 60 60 4 2 2. — 

(e) Nicotine administered. 

47 30. 55 20 — — — — 


equal doses, guanidin produces a less marked slowing in the excised 
heart than in the heart in situ. The reason for this may be inferred from 
the perfusion experiments, excerpts from the results of which are to be 
found in Table IV. (Customary perfusion method (5).) There can be no 
doubt that neutral guanidin solutions isotonic with Ringer’s solution 
produce a marked constriction of the peripheral vessels of the frog. 
After having allowed Ringer's solution to pass through the peripheral 
vessels for some time to wash out the guanidin, an increased output 
gave indication that a return to the normal vascular output would be 
only a matter of time. (Frog 43.) 

We thought that by the use of frogs that had been poisoned by 
nicotine or atropine we would be able to localise the action of guanidin. 
Atropine, in the dosage we employed, had no effect on the peripheral 
circulation of the frog. Guanidin given to an atropinised frog produces 
a much more rapid and thorough constriction than when given to an 
unpoisoned animal. Nicotine, on the other hand, tends to abolish and 
may even reverse the action of guanidin, producing a vaso-dilation. 
From these experiments we may conclude that the effect of guanidin 
on the peripheral circulation of the frog is due to its nicotine-like stimu- 
lation of the vaso-constrictor neurons. The fact that nicotine abolishes 
or reverses the vaso-constriction caused by guanidin, excludes a direct 
action on structures more peripheral than those neurons. 

The reason for the augmented constriction of the peripheral blood 
vessels on the administration of guanidin to an atropinised frog may be 
summation. According to Fano(é) atropine either leaves alone or 
increases the activity of muscular structures whose motor neurons 
belong to the sympathetic series. Thus it would have either no action, 
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as we found, or a slight vaso-constrictor one. That is, the increased 
vaso-constrictor action of guanidin on atropinised frogs may be due to 
the summation of guanidin- and atropine-excitation of vaso-constrictor 
neurons. | 


SuMMARY. 


Guanidin salts in low concentrations of 0-25-1-7 p. c, produce: 

1, Primary cardiac acceleration probably due to the stimulation of 
the accelerator nerves to the heart. This is soon followed by 

2. prolonged and marked retardation of the heart. beat, for which 
two causes have been adduced, (a) stimulation of the vago-cardiac 
nerves and (b) pronounced vaso-constriction with reflex inhibition. 

3. By the use of atropine and nicotine, the point of action of 
guanidin has been localised, viz. a nicotine-like action on the sympathetic 
neurons. 

It is our desire to acknowledge our indebtedness to Prof. Nos! 
Paton for guidance and helpful criticism. We are indebted to Miss 
McFadzean, one of the senior students in the Department, for perform- 
ing three of the perfusion experiments and the experiments detailed in 
Table IT. 


The expenses of this research were defrayed by a grant to one of us (D. B.) from the 
Carnegie Trustees for which we express our thanks. | 
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THE COLLOID-FREE FILTRATE OF SERUM. 
By A. R. CUSHNY. 


(Pharmacological Laboratory, University of Edinburgh.) 


THE movement and distribution of the fluids in the tissues is often 
ascribed to a process of filtration pure and simple, and even those who 
refuse to accept the physical mechanisms as the determining factors, 
must admit that they aid or retard the activity of the more obscure, and 
possibly more potent, forces in action in living cells. Those who uphold 
the filtration view assume that the body fluids contain salts and other 
crystalloids in the same condition of simple solution as occurs in Ringer’s 
solution, while on the other hand when difficulties arise from this con- 
ception, recourse is had to some mystical form of chemical or physical 
combination between the crystalloids and the colloids. For example, 
the attempt has been made to reconcile the absence of sugar from the 
normal urine with the theory of glomerular filtration on the quite 
groundless assumption that glucose is present in the blood in combina- 
tion with colloid substances which cannot pass the glomerular membrane. 
The same suggestion might doubtless be made to account for the 
retention of the chloride in the blood plasma at a certain threshold 
value, and for the maintenance of a definite relation between the sodium 
and potassium of the blood. No evidence whatever has been brought in 
support of the view that the blood plasma contains the crystalloids in 
combination with proteins or other colloids; it has merely been sug- 
gested as a hypothesis to explain physiological observations which 
seemed to offer difficulties to the ordinary view. On the other hand a 
number of observers (Starling, Asher, Michaelis, Rona) have shown 

that some of the constituents of the blood serum obey the ordinary laws 
of diffusion of simple solutions. All the available evidence therefore 
goes to show that in the plasma the crystalloids are not in combination 
in any way with the colloid constituents but may be separated from 
them by any means which will retain the latter, such as filtration 
through a membrane which is impermeable by them. 
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While this is an immediate consequence from the observations of 
several workers, the direct experiment of filtering plasma or serum 
through a membrane has been comparatively seldom carried out. I have 
recently had occasion to examine the filtrate from serum through a 
membrane impermeable by colloids and the results will be given in the 
following pages and will be compared with those obtained by others by 
the same methods or by diffusion experiments. The serum used was 
from ox blood ; in some experiments the blood was defibrinated and the 
serum obtained by centrifuge, but as a general rule the blood was allowed 
to clot and the serum was separated after standing about 24 hours. The 
filter was that described by Walpole(), formed of a special brand of 
collodion (No. F 4241 A) made by the British Xylonite Company, and 
made into sacs 4-2 cm. in diameter and 21 cm. long. These were filled 
with serum and subjected to a pressure of 15 cm. of mercury by means 
of a pressure bottle. The fluid began to filter through in the course of 
5-10 minutes, but came very slowly, rarely exceeding 150 c.c. in the 
course of 24 hours. At first it was clear and limpid, but after 24 hours 
some colouring matter began to pass the filter and protein was 
present. The filtrate used for examination was that passing in the first 
16-20 hours. In some instances the filtrate was coloured from the 
beginning and gave the protein reactions; this generally occurred when 
the serum had been allowed to stand for some time before being put in 
the filter, and was probably due to beginning decomposition. As a 
general rule, thymol or chloroform was shaken up with the serum as 
soon as it was received, and this retarded the decomposition, though 
it almost always set in after 24 hours. 

The serum filtrate is a clear colourless liquid, giving no reaction for 
proteins even when evaporated to small bulk. It forms froth on shaking 
violently, but hardly more than Ringer’s solution of the same degree of 
alkalinity. No lipoids are obtained by extracting it with ether. 

40 0. o. evaporated to dryness at 60° and extracted with ether in Soxhlet's apparatus 
for eight hours gave 0-005 g. ether-soluble content, equivalent to 0-012 g. per 100 c.0. 
This was probably urea and 
from lipoids. 

The specific gravity is 1008-1009. I was unable to determine the 
depression of the freezing point, but this has been done by others. 
Starling@) found that the filtrate from serum through a gelatine 
membrane had practically the same freezing point as the original 
serum, and this was confirmed by Burian@) in examinations of the 
serum of several groups of vertebrates. 
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Total solids. On evaporation of the fluid and drying to constant 
weight at 100° the solids were found to be 1-11 p.c. in one sample of 
serum and 1-13 in another. The solids in the original serum were on the 
average of three estimations 8-53 p.c. In one experiment the fluid 
remaining in the collodion tube contained 15-64 p.c. of solid; about an 
equal amount of fluid had passed through the filter. 

Ash. When the dried residue was very slowly burned at a low 
temperature the ash remaining in one experiment was 0-96 for 100 c.c. 
filtrate, in another 0-93. 

100 ¢.c. of filtrate dried and ashed with sulphuric acid in order to 
avoid any possible volatilisation of the alkali gave 1-2443 g. of sulphate 
ash. If the original ash consists of a mixture of chloride and carbonate, 
this sulphate ash would correspond in amount to that obtained by direct 
combustion. The ash of the filtrate therefore averages 0-945 g. in 100 c.c. 
and this deducted from the total solids leaves about 0-175 organic 
solids in 100 c.c. 

100 c.c. of the unfiltered serum was dried and burned at a low heat, 
extracted with water, and the remainder completely ashed. The com- 
bined ash was found to amount to 0-957 g. as compared with the 0-96 
of the filtrate from the same serum. The ash of the filtrate thus corre- 
sponds with that of the original serum, as was shown by Burian. 


100 0. o. Total solids Ash Organic solids 
Serum 8-53 0-957 7-57 
Filtrate (average) 1-12 0-945 0-175 


The chloride in the filtrate was estimated directly by Volhard’s 
method, the organic matter being oxidised with permanganate. Two 
estimations were carried out. 


Chloride in 100 c. o. 
Unfiltered serum Filtrate 
(1) 0-385 0-385 
0-388 
(2) 0-370 0-362 


The chloride is therefore free in the serum and passes through the 
filter at the same rate as water. Asher.and Rosenfeld(4) found that 
on diffusing serum against water, the whole of the chloride escaped 
from the serum, and they concluded that it is not in any form of com- 
bination in the serum; and this has been confirmed by Rona(5) who 
diffused serum against solutions of sodium chloride of varying strength 
(compensatory dialysis) and found that the chloride of the serum 
diffuses freely and is unattached to the colloid elements of the serum. 
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The phosphate in the ash from 100 C. e. was estimated with uranium 
nitrate (indicator cochineal) and was found to amount to 0-01 g. of 
P,0,. Abderhalden gives 0-0085 as the amount of inorganic P, O, in 
100 C. c. ox serum, so that the whole of the inorganic phosphate appears 
to pass through the collodion membrane. Rona and Takahashi(6) 
found about 0-008 g. p.c. of inorganic P,O, in horse serum; the whole 
of this was found to diffuse through a membrane, when the method of 
compensatory diffusion was employed. 

The filtrate was alkaline to litmus and phenolphthalein and the ash 
reddened the latter. The escape of CO, during the process of filtration 
rendered any further examination of the reaction useless. The total ash 
in the filtrate in percentage was 0-945 of which 0-635 was formed of 
NaCl, 0-015 of calcium and 0-01 of PO,, leaving about 0-285 as carbonate 
of which 0-12 was CO, 

Calcium was estimated by dissolving the ash in acetic acid, pre- 
cipitating with oxalate in the usual way, collecting the precipitate on a 
filter, dissolving it with dilute sulphuric acid and titrating the oxalic 
acid freed with potassium permanganate. Two estimations were made. 


Calcium in 100 0. o. 
Unfiltered serum Filtrate 
(1) 0-0144 001 
(2) 0-0160 0-0098 
Average 0-0152 0-0099 


The filtrate thus contained only 62-70 p.c. of the lime in the original 
serum, 30-40 p.c. being held back by the filter. In one experiment 
in which about one-half of the fluid had been filtered off the calcium 
was also estimated in the remainder and was found to be 0-021 p.c., 
thus confirming the retention of calcium on the filter. Rona and 
Takahashi(7) found that only about 75 p.c. of the calcium in serum is 
diffusible, the rest being retained in combination with proteins. 

After the calcium had been removed by oxalate, I attempted to 
estimate the magnesium by precipitation as triple phosphate ; the results 
indicated that magnesium also passed through the membrane only 


imperfectly, but the quantities obtained are too small to give an 
accurate proportion. 


Magnesium in 100 0. 0. 
Unfiltered serum | Filtrate 
(1) 0-0032 0-0017 
(2) 0-0024 0-0011 


1 Allowing for } of the Cl being in the form of KCI the total chloride would be 0-651, 
and the carbonate 0-269. 
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This indicates that about one-half of the magnesium is retained by the 


membrane. 

The sodium and potassium of the filtrate were not estimated 
separately. The fact that the total ash of the filtrate is practically equal 
to that of the original serum in amount! shows that the sodium and 
potassium pass through the membrane readily and in the same pro- 
portion as in the serum. 

Among the organic contents of the filtrate, amounting to 0-175 per 
100 ¢.c., dextrose was present in quantity, as shown by the reduction of 
Fehling’s solution. I have not made quantitative estimations, since it 
has been satisfactorily demonstrated by Asher and Rosenfeld e) and 
Rona and Michaelis that the whole of the sugar of the serum 
diffuses readily through membranes impermeable by the colloids. And 
Abel, Rowntree and Turner@0) have shown that the sugar of the 
plasma in the living animal also passes through collodion, while Hess 
and Macguigan(1l) proved that the whole of the plasma sugar diffuses 
by this method. 

The urea of the filtrate and of the original serum was estimated by 
the urease method; the serum was heated to coagulate proteins and 
destroy ferments before the urease was added. 


Urea in 100 c.c. 
nfiltered serum Filtrate 
63 0-019 0-019 
0-021 0-020 
(3) 0-023 0-023 
Average 0-021 0-021 


The 3 of the urea of the serum passed through the filter mem- 
brane, the concentration in the filtrate being identical with that in the 
serum. Burian obtained the same result in the serum of selachians. 
Abel, Rowntree and Turner found urea diffuse readily from the 
circulating blood into saline solution. This does not indicate that the 
whole of the urea of the blood is available for filtration through the 
capsular membrane of the kidney; for Sch6ndorffd2) has shown that 
the urea is distributed equally through the corpuscles and plasma. The 
urea in the corpuscles can be filtered by the kidney only when it has 
diffused into the plasma and this can hardly occur in the course of the 
passage through the renal vessels. Comparisons between the urea of the 
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whole blood and of the urine, or of the urea in the renal artery and vein 
can only be made by taking account of the fact that as much as 60 p.c. 
is withdrawn from filtration (or secretion) by being held in the cor- 
es. 

PPP estimated, the 
sugar and urea accounting for 0-13-0-15 of the 0-175 organic matter. 
The amino-acids have been shown to pass through the membrane in 
Abel's vividiffusion experiments, and the proportions in which different 
nitrogenous bodies occur in the dialysate do not vary greatly from those 
in which they appear in the blood. Lactates and oxybutyrates also 
diffuse readily from the blood. 

’ Calcium and magnesium are thus the only non-colloid substances of 
the serum which are found in lower proportions in the filtrate; the 
quantities of magnesium found were so small that I hesitate to accept 
the results as conclusive. The well-defined affinity of calcium for 
proteins affords an adequate explanation of its retention. And this may 
be brought into relation with its excretion, for calcium escapes from the 
blood through the intestinal wall as well as through the kidney. This 
suggests that the epithelium of the intestine is able to dissociate the 
combination of lime and colloid and thus to eliminate the combined 
calcium, while the kidney can act only on that free in the plasma. Iron 
and other heavy metals, except mercury, are eliminated almost exclu- 
sively by the bowel wall, and this may indicate that they are present 
only in colloid combination in the blood. It is difficult to suppose that 
they can be present in ionic form in a fluid so rich in protein as the 
plasma. Another substance which is excreted for the most part by the 
alimentary tract is morphine, while the nearly related cod@ine passes 
out in the urine. It was of interest to determine whether morphine 
exists in a combined form in the blood serum, and I have therefore 
added morphine to the serum and. then filtured it through collodion. 
The filtpate was examined for morphine in the usual way, the alkaloid 
being finally collected in chloroform from alkaline solution, and tested 
by Marquis’ reaction. It was found that morphine passed through the 
_ filter in considerable quantity, which indicated that it was not in 
colloid combination in the serum. Codeine added to the serum behaved 
in the same way. This experiment suggests that the unusual way of 
excretion of morphine is not due to its being in colloid combination in 
the blood. At the same time it is possible that morphine added to the 
drawn serum may be in a different condition from that absorbed oe 
life. I attempted to test this in the following experiment. 
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A dog of 26 Ibs. weight received 0-25 g. of morphine hydrochloride by hypodermic 
injection. An hour afterwards he was deeply narcotised and was bled to death under 
ether anssthesia The blood was allowed to clot and the serum was collected next day 
and filtered through collodion. The filtrate and the remainder on the filter were heated 
with acid and examined for morphine, but from neither could it be isolated in sufficient 
quantity to give the very delicate Marquis’ reaction. 

Previous investigators(13) have had a similar lack of success in iso- 
lating morphine from the blood. Although it must be in circulation, 
it is present in such small quantities that it is impossible to ascertain 
its distribution in the blood. 


The crystalloid substances in the blood serum thus exist along with, 
but not in combination with, the colloid substances, with the exception 
of a small proportion of the calcium and perhaps of magnesium. And 
what is true for the blood serum may be taken as true of the other inter- 
cellular fluids of the body ; so far as filtration is concerned in their forma- 
tion, in fact, there must be less calcium in the tissue fluids than in the 
blood serum, and it may be of interest to determine how far calcium is 
reduced in percentage in lymph, oedema, and exudates as compared 
with the plasma and what relation it bears to the colloids in om 
fluids. 

The complete separation of the inorganic constituents (apart ‘aie 
one · third of the calcium) from the colloids by means of the filter indicates 
that in the serum there is no such combination between them as has 
been suggested by such terms as “ion-proteins.” The only ion-protein 
which can exist in the serum is the lime protein, which can form only a 
small fraction of the total protein or of the total inorganic constituents. 

If filtration occurs in the glomerulus of the kidney, and there is an 
increasing body of evidence in favour of this view, the filtrate must be 
of the same character as that through a collodion membrane. The 
glucose must pass through in the same concentration as that of the 
plasma ; otherwise the osmotic resistance offered by the retained glucose 
would be too great to be overcome by the blood-pressure in the glomerular 
capillaries. 

The CO, of the blood is transported, according to one view, in the 
form of bicarbonate, from which it is displaced by the proteins acting 
as weak acids. This presupposes that the alkali is always distributed 
between the CO, and the protein, the position of equilibrium varying 
with the relative concentration of the two competing acids. In my 
experiments the CO, was allowed to escape freely from the serum in the 
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process of filtration, and this would tend to increase the amount of 
alkali in combination with protein. Yet no evidence of such a combina- 
tion was presented, so that as far as the fluid of the blood is concerned, 
this view cannot be maintained. 


SuMMARY. 


1. When serum is filtered through a collodion membrane which 
retains the colloids, most of the other constituents, such as salts, sugar, 
urea, occur in the filtrate in the same proportions as in the original 
serum. The ovly exceptions to this rule are calcium and possibly mag- 
nesium which pass through the filter in a lower concentration than exists 
in serum, 

2. The non-colloid constituents, other than calcium and magnesium, 
are therefore in simple solution in the serum, while part of the calcium 
and magnesium is probably in some form of combination with the 
proteins. 

3. It is suggested that the combined form in which calcium exists 
in the serum may account for its being excreted in part by the intestinal 
epithelium. 

4. No such combinations exist in the blood plasma as have been 
suggested by the term “ion-protein,” and the view that the proteins 
expel the CO, from bicarbonates is incompatible with the absence of 
such compounds, If filtration occurs in the kidney glomerulus, the 
filtrate must, be substantially identical with that obtained from serum 
by means of a collodion membrane. 


(1) Biochem. Journ. 9, p. 284. 1915. 
(2) Journ. of Physiol. 24, p. 317. 1899. 
(3) Pfliiger’s Arch. 186, p. 741. 1910. 
(4) Biochem. Zeitschr. 3, p. 335. 1907. 
(5) Ibid. 20, p. 501. 1910. 
(6) Ibid. 40, p. 370. 1913. 
(7) Ibid. 81, p. 336. 1910-11. 
8 (8) Ibid. 8, p. 335. 1907. 
(9) Ibid. 14, p. 476. 1908. 
(10) Journ. of Pharm. and Exp. Ther. 5, p. 611. 1914. 
(11) mid. 6, p. 45. 1014. 
(12) Pfliiger’s Arch. 63, p. 192. 1896. 
(13) Arch. f. exp. Path. u. Pharm. 50, p. 453, 1903. 
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STUDIES ON THE CAPILLARIOMOTOR MECHANISM. 
I. The reaction to stimuli and the innervation of the blood 
vessels in the tongue of the frog. By AUGUST KROGH. 


(From the Laboratory of Zoophysiology, University of Copenhagen.) 


Tux series of papers of which the present one is the first hag as its object 
a revision of current conceptions concerning vasomotor regulation and 
the mechanism of vasomotor changes. The prevalent line of thought and 
argument identifies vasomotor changes with arteriomotor. It considers 
the smaller arteries and arterioles as being generally capable of con- 
traction and dilatation and assumes openly or tacitly that all other 
changes in calibre taking place in peripheral vessels and especially the 
state of filling of the capillary system follow as physical consequences 
from the general blood-pressure and the state of contraction of the 
arteries and arterioles. 

In my paper on the supply of oxygen to the tissues(1) I have given 
several reasons against this view and quoted researches by other workers 
showing like my own that the calibre of capillaries is not simply a func- 
tion of the pressure of the blood coming from the arterioles, but’ that 
the capillaries show independent reactions and may dilate and contract 
individually and independently of the blood-pressure within their walls. 
A special reference should here be made to the important work of Dale 
and Richards and of Dale and Laid la wo) published after my paper 
had been written. The researches of Dale and Richards show con- 
clusively that histamine and minimal doses of adrenaline have a dilator 
effect on the capillaries of certain animals which is independent of the 
nerve supply, while the effect of these substances upon arteries is that 
of constriction. Dale and Laidlaw have shown further that large 
doses of histamine produce an excessive dilatation of the capillary vessels 
followed by transudation of plasma. 

In the paper mentioned d) my chief object was the study of the 
supply of oxygen to the fibres of striated muscles, and the vasomotor 
problems involved could only be treated briefly. The experiments then 
made could only show the inadequacy of the orthodox conception, but 
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nothing definite could be put in its place. 1 resolved therefore to follow 
up the problem, to investigate for a number of suitable tissues the 
reactions of capillaries and other small vessels to various stimuli and to 
find out as much as possible about the mechanisms—nervous or other—- 
controlling their reactions. 

Methods. The general method employed has been to observe the 
tissue directly under a binogilar microscope with erecting prisms 
(Zeiss stand X b) at a suitable ification. I have in nearly all experi- 
ments used the objective a, with the oculars 1, m or v, os magnifica- 
tion of 30, 50 and 80 diameters and fields of vision of 3-0, 2-5 and 2 mm. 
diameter. Transparent tissues Ike the tongue and web of the frog are 
observed by transmitted light. Others like muscles, skin and intestines 
of cold-blooded and warm-blooded animals are studied by reflected light 
from a Nernst or arc lamp provided with a suitable set of condenser 
lenses and a light filter for minimising the heat effect and increasing the 
contrast between the blood and the tissue. 

By this method it is seen directly if the vessels react to a stimulus, 
in what manner and generally in what order. If by a local stimulus the 
sausage-shaped corpuscles in a narrow capillary become free and flow 
backwards from the venous towards the arterial end of the vessel there 
can be no doubt that the capillary has widened and that the widening 
is a process with which the arterial pressure can have nothing to do. 
On the other hand the method is qualitative and perhaps not very 
sensitive. The change in calibre of a vessel must be fairly large to be 
obsetved with certainty, and small changes occurring simultaneously 
over a larger area cannot be observed at all, unless another, similar but 
unstimulated, area is available for comparison. The method has the 
further drawback that the results cannot be recorded—except perhaps 
cinematographically. 

Mechanical stimulation is usually performed by means of glass 
needles drawn out to a point of suitable fineness—straight or bent as 
requisite. These needles are manipulated under the microscope; the 
effect of stimulation is watched and the stimulating process repeated, 
altered or discontinued according to the results observed. In cases 
where the stimulus should be very sharply localised I have lately used 
hairs of the cactus Opuntia (amyclea). When sealed on to a small glass 
rod these hairs can if necessary be pushed right through the wall of an 
artery of less than ) mm. diameter. For mechanical stimulation of 
approximately known strength I use various mammalian hairs sealed 
on to glass rods. The pressure which will bend such a hair is ascertained 


2 
Ne — 
% 
— 
1 
* 
a* 
* 
J ‘ 
4 
> 
* 
4 
4 
4 
* 


CAPILLARY MECHANISM. 4801 


by means of a balance. The hairs which I have found suitable will bend 
at pressures of about 1, 5, 15 and 50 mg. respectively. 

Reagents for chemical stimulation are applied by means of glass 
needles provided with a small knob at the end. Such a needle when just 
dipped in the reagent will deliver a nearly uniform quantity of water or 
a dilute solution when applied to a moist surface. I usually employ two 
different needles : one with a knob of 1 mm. diameter which will deliver 
about 0-1-0-2 c. mm. and another with a knob of 0-2 mm. which will 
deliver from 0-0005 to 0-001 e. mm. The first quantity will form a drop 
covering @ large part of the field of vision. By the second a sharply 
localised effect can be obtained. 

For a prolonged treatment with fluid reagents I use smal] paraffined 
brass rings which are put on to the tissue under investigation and filled 
with the fluid. In the following such rings are mentioned as reagent 
basins. 

By means of the general methods described and a few special devices 
which will be mentioned in the following I have studied the reactions to 
various stimuli of the smallest blood vessels in different tissues and 
animals, primarily to find out whether the capillaries are able to react 
independently of the arterioles, whether there is evidence—conclusive 
or otherwise—of a special capillariomotor mechanism. In anticipation 
of the results to be given in detail in the present and subsequent papers 
I think it right to state at once that the question cannot be answered in 
a general way but must be solved for each tissue separately. The reactions 
of capillaries not less than of arterioles differ greatly from one tissue to 
another. 

For the experiments on the blood vessels of the tongue I have used 
almost exclusively good sized Rana esculenta. The animals have generally 
been narcotised with a suitable dose of urethane injected into the dorsal 
lymph space in the vicinity of the anus. In summer frogs I found a 
dose of about 0-1 c.c., 25 p.c. solution for every 10 g. of the weight, 
suitable, but winter frogs require a much larger dose—at least 0-2 c.c. 
per 10 g. In some cases I have immobilised by means of curari. With 
the exception of a single reaction, mentioned below, the vessels of 
urethanised and curarised frogs behave in the same manner. A very 
deep narcosis or a too large dose of curari should be avoided as it affects 
the heart and renders the circulation slow and irregular. 

I have in practically all cases filled the lungs of the frogs experi- 
mented on with oxygen from a cylinder to prevent lack of oxygen during 
the observation. The pressure in the lungs must not however become so 
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high that the frog appears inflated, since that will obstruct the circula- 
tion. 

During the experiments the frog rests upon a small bench with glass 
top and the tongue is spread out over a glass block 2 cm. broad and 
3 cm. long for a 50-70 g. frog. The glass block is surrounded by a cork 
frame to which the tongue is pinned down by means of six small needles. 
When the ventral surface of the tongue is spread out a glass block of 
about 5 mm. thickness is most suitable. For examination of the dorsal 
surface a glass block of 10-15 mm. thickness is required. 

The larger vessels of the tongue lie close to the ventral surface and are 
easily accessible from this side. Both the veins and the nerves follow 
the main ramifications of the arteries. There is a large anastomosis 
between the two principal veins at a distance of 3 from the tip of the 
snout, but the arteries anastomose only slightly. Many of the capillaries 
are very long and therefore excellently adapted for experimental pur- 
poses. Near the edges the network of capillaries is much closer, and 
most of the vessels run parallel to the edge. Several of the muscles of 
the tongue can be observed through the ventral mucous membrane, 
but definite experiments upon their vessels cannot generally be made 
unless the mucous membrane is removed. 

From the dorsal surface, which is covered with papille, the larger 
vessels cannot conveniently be reached, but the capillary clue found in 
the large papill is well suited for local stimulation experiments. 

So Jong as the tongue remains untouched in the mouth of the frog it 
is usually very pale in colour, and during the pinning out even the 
largest vessels are often barely visible. Pinning out generally produces 
considerable hyperemia with opening up of a large number of small 
arteries and capillaries and filling up of the veins. When left to itself in 
a moist atmosphere or under a cover-glass the tongue usually becomes 
rather pale after a quarter of an hour, but open arteries will go to the 
neighbourhood of the pins and some capillary hyperemia will persist 
about these. When the general hyperemia has subsided the tongue is 
suitable for experiments. 

The independent reactions of capillaries. Among the numerous 
observations and experiments made I shall first select those which 
demonstrate the main point of my argument: that the reactions of 
capillaries can be independent of the simultaneous reactions of the 
arterioles and are always practically independent of the arterial pressure. 

1. Mechanical stimulation—scratching of a small area on the ventral 
side of the tongue with a glass needle or a hair requiring a pressure of 
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15-50 mg. to bend causes dilatation of capillaries and arterioles after 
a latent period of 10-15 seconds, usually over an area greater than that 
which has been stimulated. If this surface is fairly anemic before the 
stimulation a number of hitherto invisible capillaries are opened up and 
filled with blood which generally passes through them in a rapid current. 

Since the stimulus affects both arteries and capillaries the effect on 
the latter might be considered as secondary and due to the increase in 
pressure caused by the dilatation of the arterioles. To test this point a 
small adjustable clip was arranged on the right lingual artery and the 
vessel compressed until the current of blood became very slow and the 
pressure therefore low. Mechanical stimulation of an area on the right 
side had just the same effect as before: a number of capillaries were 
opened, blood flowed slowly into them and they became gradually so 
much dilated that several corpuscles ‘could pass side by side. When the 
clip was opened the current through the open capillaries became rapid, 
but no further dilatation could be observed. Several capillaries became 
injected, however, which had not been visible before. 

This experiment of producing capillary dilatation in spite of a greatly 
reduced blood-pressure has been repeated several times with identical 
results. The mechanical stimulation has been replaced by chemical with 
1 p.c. acetic acid or 1 p.c. iodine. In one case in which a small drop of 
iodine was applied only a few capillaries became very strongly dilated 
and corpuscles were seen to flow into them from neighbouring capillaries. 

In a special experiment the fall in pressure produced by the clip 
was measured by means of the apparatus described by Roy and Graham 
Brown(4). The tongue was pinned out over an open frame of cork 
and the manometric apparatus put in. In an arteriole a pressure of 
22 cm. water was measured, and by compression of the main artery, 
until the current became visibly slower, the pressure was reduced to 
9 cm. When therefore several kinds of stimuli will cause dilatation of 
the capillaries after the artery has been almost completely blocked it 
cannot be the increased blood-pressure which opens the capillaries. 

When the artery is completely blocked so as to stop the circulation 
no visible dilatation of the open vessels takes place after stimulation and 
no new capillaries appear, but when the block is removed 15 seconds 
after the stimulation or later the arterioles and capillaries are filled at 
once which shows that the stimulus produces a relaxation of the walls, 
while a supply of blood is of course necessary to bring about a dilatation. 

2. In a few cases (more or less accidentally observed) the dils tation 
after mechanical stimulation has affected only a short lengt) of the 
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arteriole supplying a small group of capillaries. The dilated portion of 
the arteriole and the dilated capillaries then exhibit a slow rhythmic 
current of blood. 

When capillaries are forced open by an increased blood-pressure the 
rate of flow through them must also become increased, and it can be 
concluded conversely when the diameter of capillaries is increased while 
the current becomes slower, that the dilatation is independent of the 
pressure, provided of course that the blood can flow off freely through 
the veins. 

On the dorsal surface of the tongue it is easy to produce by stimula- 
tion of a single papilla a slow current through a much dilated capillary, 
but in this case the arteriole cannot be directly observed. By gentle 
mechanical stimulation of a very restricted area on the ventral surface 
the reaction can be confined to a single capillary or even part of a capillary 
without involving any arteries at all. In one case a local dilatation was 
produced in the arterial] end of a capillary. The blood flowed in but 
stasis occurred, because the venous end remained contracted. By con- 
tinued stimulation over the venous end this too was opened up and a 
current through the open capillary produced. 

On a single very long capillary, through which blood was passing at 
a slow rate with the corpuscles squeezed out to sausage shape, two 
distinct dilatations were produced by mechanical stimulation, one near 
the venous end and one near the arterial end of the capillary. Through 
these the red corpuscles were flowing freely but with extreme slowness, 
the dilatation being from a diameter of 4~5y: to about 20. 

In several cases the venous end of a completely closed capillary has 
been detected by gentle scratching along open capillaries or small veins. 
The blood will flow into the opening offered by relaxation of the wall of 
the closed capillary and fill up part of it, and by repeated application of 
weak stimuli in front of the visible column of blood the filling is extended 
backwards until another open vessel with higher pressure is reached 
and a current through the newly opened capillary produced. 

3. Several substances have a dilator effect both on arteries and 
capillaries, but some act more strongly on capillaries than on arteries 
and a single one—among those so far examined—acts almost exclusively 
on capillaries. When a drop of 25 p.c. urethane is applied to a capillary 
a complete relaxation occurs. The capillary may become filled quite 
gradually from an arteriole so narrow that the corpuscles are squeezed 
through one by one. The relaxed capillary may reach a diameter finally 
of 50% and show a peculiar varicose appearance. In such a capillary 
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complete stasis develops and even after several days the vessel may 
remain filled with a mass of corpuscles. Application of 25 p.c. urethane 
in a reagent basin produces a maximum dilatation also of the muscle 
capillaries below the basin. The arterioles are practically unaffected 
though in a few cases a slight dilatation has been observed. 

The experiments detailed in the above paragraphs show—conclusively 
so far as I am able to judge—that the reactions of the capillaries are 
independent of the blood-pressure. The capillary wall is normally in a 
state of tonic contraction, but the tonus is relaxed after local stimuli of 
various kinds, and the relaxed capillaries can then become filled with 
blood at a very low pressure. The normal arterial pressure is much too 
low to overcome the resistance of contracted capillaries, though the 
venous pressure is often high enough to fill them when relaxed. 

I do not doubt of course that an increase in pressure will dilate 
capillaries as it will dilate any elastic vessel, but the variations in 
diameter due to mere pressure changes are too slight to be observed 
under the microscope at the magnifications which I have found it 
convenient to apply. 

The demonstration of the existence of primary vasomotor reactions 
in capillaries raises several important problems. The most urgent is 
perhaps the histological about the contractile elements in the capillary 
wall. Scarcely less important is the physiological problem about the 
mechanism—nervous or chemical—of the capillary reactions and the 
origin of the tonus exhibited by the unstimulated capillary wall. Before 
I proceed to consider the experimental evidence directly bearing on 
these problems I think it convenient to give a description of the reactions 
observed after the application of various stimuli. 

The reactions of the blood vessels of the tongue to mechanical, electrical, 
thermal and chemical stimulation. In the preceding section I have 
mentioned certain reactions to mechanical stimulation, weak acid, 
iodine and urethane, but of these too a more detailed description must 
be given. | 

1. Mechanical stimulation in whatever way applied always causes 
active relaxation of capillaries and generally of arteries, while veins are 
apparently only passively affected. The response which follows after a 
latent period of several seconds is determined by the extensity and 
intensity of the stimulus.- Dilatation localised to a short portion of 
either an artery or a capillary can be produced by local and gentle 
seratching or rubbing with a needle or a soft hair (1 mg.). A strong but 
sharply localised stimulus may cause dilatation of capillaries over a 
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considerable area and of arteries way back in the tongue, The area which 
can be made hyperemic from a single point has never been observed to 
exceed a diameter of 2-4 mm., however. If a glass needle is drawn 
sharply across an anemic tongue so as to actually injure the mucous 
membrane and produce a contraction of the underlying muscles, a 
hypersmic zone 2-3 mm. broad will appear after the usual latent period. 

More or less dilated arteries can almost regularly be observed directed 
towards the needles with which the tongue is pinned down, and a small 
area around each needle is hyperemic with dilated capillaries. 

Mechanical stimulation may lead to stasis in some of the capillaries. 
Two kinds of stasis can be distinguished. In the first—which is com- 
paratively unimportant—the capillary in question is only partially 
opened ; the blood flows in but cannot get out at the closed end. In the 
second kind of stasis the capillary is opened throughout and generally 
there is at first a more or less rapid current of blood through it, but this 
current becomes gradually slower and at last the capillary appears to 
be densely packed with red corpuscles which block the circulation. This 
kind of stasis occurs regularly when capillaries are mechanically injured 
by the stimulus; for instance, when the free edge of the tongue is nipped 
with a pair of forceps, but it may also occur after mechanical stimulation 
in capillaries which have not been touched. The mechanism of this 
stasis, which is a common phenomenon after several kinds of chemical 
stimulation, will be discussed in a separate paper. 

In the tongue of Rana platyrrhina a reaction very different from 
that described has been repeatedly observed. Prickings with a cactus 
hair or a glass needle directly on the wall of arteries often causes a local 
contraction which develops slowly (generally during } to 1 minute) and 
affects a length of artery of 0-2-0-5 mm. The contraction spreads both 
proximally and distally from the point stimulated, but usually over a 
longer distance distally than proximally. The contraction seldom be- 
comes complete, but it will remain, generally, for a period of 10-15 
minutes. Before the artery contracts the usual dilatation of the capillaries 
about the point stimulated will have taken place. Many prickings are 
ineffective in causing arterial contraction, even when it can be observed 
that the artery was actually hit, and I have gained the impression that 
the receptors for this reaction are confined to the arterial wall and are 
few in number even here. 

In the tongue of R. esculenta I have not succeeded in evoking this 
kind of response from urethanised animals, but on two curarised frogs 
I have obtained it from several arterioles and small arteries. It appears 
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to be absent from the largest arteries and from a number of the smaller 
ones also. Small arteries often become mechanically obstructed by the 
pricking, but this effect is strictly local, shows no latent period and can 
generally be removed by gentle rubbing. 

2. Local electric stimulation has been performed by means of a 
metal needle forming one electrode while the other was a lead plate on 
which the frog rested. The effect on arteries was inconstant. In several 

cases contraction was produced by tetanic stimulation, while single 

induction shocks caused dilatation. It was very doubtful whether any 
effect upon capillaries took place. The slight dilatation observed in 
several cases was probably due to the unavoidable mechanical stimula- 
tion. 

3. Heating of a small area on the ventral surface of the tongue by 
means of a loop of 1 mm. silver tube, heated to 35° by a current of water, 
produces after a few seconds a pronounced hyperemia affecting both 
arteries and capillaries. The current of blood becomes very rapid. 
When the area is allowed to cool to the temperature of the room (15-16°) 
a slow contraction of the vessels can be observed. It will take 10 minutes 
or more for the vessels to return to their normal state. Heating to 25° 
caused also in one experiment some hyperemia and increase of the blood 
flow, but the dilatation took place very slowly. 

Cooling to about 2° causes a slow dilatation of capillaries and 
arteries with a comparatively rapid return (2 m.) to the normal state 
when the cooling is discontinued. 

4. Acids have a powerful dilator effect on both capillaries and 
arteries, and the reaction can be observed a certain distance beyond the 
ares directly affected. I have generally used 1 p.c. acetic acid, but I 
have made a few experiments also with carbonic acid. 


To study the influence of gases Fhéves” 
used a modification shown in Fig. 1 of = @) 
the apparatus constructed by Roy and 
Graham Brown (4) for measuring capillary 
pressure. The gas is led into the lower | 


chamber the top of which is covered with 
a thin peritoneal membrane and thence age 
through the tube to the upper chamber. — 
From the exit tube of this it is carried to a 
vertical glass tube which can be moved up r 

and down in a cylinder filled with water and graduated in cm. When 
the gas is bubbling slowly through, the pressure necessary to empty a 
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certain vessel under observation can be read off. For simple treatment 
with a gas a low pressure of 1 to 2 cm. water is maintained. 

Pure CO, gas produces after about a minute a considerable hyper- 
mia with dilatation of both arteries and capillaries and a rapid current 
of blood. 10 p.c. CO, in air produced in one experiment after a couple 
of minutes a distinct increase in the circulation through a few capillaries 
selected for observation, but the general increase over the whole field 
was too slight to be definitely ascertained. 

In experiments with pure nitrogen which should induce the pro- 
duction of acid metabolites only a slight and perhaps doubtful increase 
in the current of blood through selected capillaries could be observed. 
2 oxygen has apparently no effect upon the circulation, as was to 

be expected, since the oxygen pressure in air must be n to supply 
the mucous membrane with oxygen by diffusion. 

5. 1 p.c. iodine in potassium iodide has a very powerful influence. 
The muscles just below the drop of iodine contract violently, the 
capillaries become strongly dilated and the dilatation spreads to a con- 
siderable distance. Iodine affects also the arteries but their dilatation 
is not generally so pronounced as that of the capillaries. In the capillaries 
directly affected stasis will usually develop in a minute or less. 

6. Drethane. The action of 25 p.c. urethane has been described 
above. Application of 5 p.c. urethane in a reaction basin shows the 
same effect on the capillaries of the mucous membrane as the 25 p.c. 
solution, but the dilatation and especially the stasis develop more 
slowly. The arterioles are practically unaffected ; in one case a slight dila- 
tation and subsequent contraction of an arteriole has been observed, 
but similar spontaneous movements are by no means rare in the un- 
stimulated tongue. 1 p.c. uréthane in a reaction basin produces after 
several minutes a moderate dilatation of capillaries. | 

7. Adrenaline. A 0-1 p.c. solution of adrenaline applied in a basin 
produces hyperemia with a rapid current of blood and dilatation both 
of capillaries and arterioles. In the numerous tests made by means of 
the drop method with different adrenaline preparations I have never 
seen any effect on larger arteries but generally dilatation of the smaller 
and always of capillaries. A few small arteries have been observed to 
contract somewhat for a brief period and in one of these cases a 
simultaneous dilatation of the corresponding capillaries was distinctly 
seen. In the tongue of Rana platyrrhina numerous arteries are sus- 
ceptible to the action of adrenaline and contract strongly, but several, 
and especially the largest, arteries are not affected. In subsequent 
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papers a number of similar abnormalities in the behaviour of arteries 
towards adrenaline will be recorded. | 

8. Cocaine. A 5 or 2 p. c. solution applied to the mucous membrane 
produces considerable dilatation of capillaries and arterioles. A 0-5 p.c. 
solution applied in a reagent basin also produces some hyperemia 
which develops slowly during 5-10 minutes. 

9. Nicotine. A drop of 0-5 p. c. solution produces excessive hyper- 
mia and a 0-1 p.c. solution in a reaction basin has the same effect. 
Even by dilution of this solution to about one-thousandth the dilator _ 
effect is not completely abolished. 

Amylnitrite produces capillary dilatation and probably. also arterial. 
Mustard oil has no visible effect. Barium chloride which was tested in 
the hope that it might produce contraction of dilated capillaries shows 
no visible effect in 10 p.c. or 1 p.c. doses neither by application on the 
mucous membrane nor by injection into the lymph spaces of the tongue. 

It follows from the descriptions given that almost all the substances 
tested as also local mechanical and thermal stimulation produce the 
same effect on the capillary wall, viz. relaxation of its powerful tone 
which it acquires again after a period of at least several minutes when 
left undisturbed. Most of the stimulants also produce relaxation of the 
arterial tone but in several cases, notably iodine and urethane, the effect 
on arteries is distinctly less pronounced or even practically absent. 

The mechanism of the action of stimulants has been investigated in 
two series of experiments. In one of these I have studied the effect of 
cocainisation with the idea of anesthetising the sensitive nerve endings 
and to find out whether the reactions were due to direct stimulation of 
the vessels or were effected through the nervous system. The observed 
spreading of the effect to a certain distance from the point stimulated 
points of course strongly towards the latter alternative, though combined 
effects are probably present in several cases. 

In another series I have cut on one side the nerves to the tongue 
and studied the reactions both immediately afterwards and later at 
suitable intervals to follow the effects of degeneration. 

The effects of cocainisation. As mentioned above cocaine causes 
dilatation of arteries and capillaries, but when a weak solution (0-2-0-5 
p.c.) is applied in a reagent basin the hyperemic effect can as a rule be 
reduced so far that the reaction to other stimuli can be investigated. 

Mechanical stimulation applied through the layer of cocaine solution 
shows at first its usual effects, but after about 20-30 minutes the reactions 
usually become slight and strictly localised to the point stimulated. 
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Later (usually after about 1 hour) the effect of mechanical stimulation 
may become so completely abolished that even a powerful stimulus fails 
to evoke any reaction whatever’. 

Heating of the cocainised area by means of the silver tube with 
water of 35° has only been tried twice on one frog. As far as I was able 
to ascertain no dilatation of arteries or capillaries occurred, but the 
current of blood through the vessels observed was distinctly accelerated. 
I ascribe this effect to the greatly diminished viscosity of the heated 
blood, but I do not venture to lay much stress upon the observation. 

Large drops of 1 p.c. acetic acid show their normal dilator effect on 
cocainised areas after the abolition of responses to mechanical stimula- 
tion, but small drops sometimes fail to elicit any dilatation whatever 
though they are effective on the normal mucous membrane. 

A drop of 1 p.c. iodine applied to the mucous membrane after com- 
plete cocainisation shows no effect whatever upon the vessels and the 
contraction of the underlying muscles is also abolished. In one experi- 
ment a point about 1-5 mm. from the cocainised area was tested with 
iodine and the reaction was observed to spread into the area, but 
appeared to be much weaker here than at a similar distance in other 
directions. 

The effect of urethane is rather curious. Touching with a small 
of urethane shows no effect whatever, but if the reagent basin is filled 
with 5 p.c. urethane capillary dilatation will develop in 2-10 minutes. 
The’ dilatation does not become maximal, no stasis occurs as in the 
normal tissue and the hyperemia subsides again some minutes later. 

Section and degeneration of nerves. The tongue of the frog is supplied 
with two pairs of nerves, viz. the glossopharyngeus and the hypoglossus. 
In a number of experiments I have cut both nerves on the right side of 
the body. The immediate effect is sometimes a distinct hyperemia of 
the right side of the tongue with somewhat dilated capillaries and a 
rapid current of blood. The difference in colour can in such cases usually 
be observed directly on opening the mouth of the frog. In most cases, 
however, the right side of the tongue does not become visibly hyperemic 
after section of the nerves. The effect of local stimulation both mechani- 
cal and chemical immediately and 24 hours after the nerve section does 
not differ from the normal though it is of course less apparent on a 
surface which is hyperemic beforehand than in anwmic tissues. 


* In a single case the cocainisation of an area near the root of the tongue proceeded — 


much more slowly and even after an hour mechanical stimulation visibly affected the 
vessels at a distance of half a millimetre. 
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In one experiment on a curarised frog I convinced myself that the 
contraction shown after mechanical stimulation of some of the arteries 
also can be evoked after the section of both nerves to the tongue. 

Instead of actually cutting the nerves I have in several experiments 
blocked the conduction of nervous impulses by freezing a short length 
of the nerve, a process which can be repeated several times without 
injury to the nerve. I have failed to observe any effect of freezing the 
N. glossopharyngeus, but in experiments on N. hypoglossus the freezing 
has repeatedly caused a distinct dilatation of arterioles and generally 
also a slight dilatation of capillaries. After cessation of the cooling a 
contraction of the vessels took place after 4-5 minutes. In one case I 
observed when the nerve was being frozen that the blood in a venule 
flowed backwards towards the capillaries, but I do not venture to affirm 
that the freezing causes any relaxation of capillary tone. A distinct 
hyperemia has never been produced by cooling of a nerve, and I think, 
therefore, that the hyperemia sometimes produced by section of the 
nerves with a pair of scissors is due mainly to mechanical stimulation of 
fibres and not to inhibition of a flow of tonic impulses. This is borne out 
by the results of stimulation experiments described below. 

In one frog, in which the right side of the tongue became hyperemic 
after section of the nerves, the circulation and the reactions to stimuli 
were studied eight days later. The right side muscles were abnormally 


sensitive to mechanical stimulation. A distinct hyperemia with dilated — 


arteries and capillaries still persisted. The reactions of the vessels to 
mechanical stimulation showed the difference that the dilatation spread 
to a distinctly larger area on the left side than on the right. About the 
needles pinning out the tongue a very pronounced hyperemia with dilated 
capillaries was observed on the left side reaching (as usual) to a distance 
of about 2 mm., but on the right side the reaction was very slight. On 
the application of a drop of iodine to the right side the muscles affected 
contracted violently, but the reactions of the vessels were confined to 
the capillaries in contact with the iodine and their immediate neighbour- 
hood. 

When the same frog was examined 18 days after the operation the 
abnormal sensitivity of the muscles was much diminished and the 
hyperemia had somewhat subsided, though numerous capillaries were 
still open. Mechanical stimulation of capillaries produced in some cases 
a sharply localised dilatation, but in no case did the effect spread to the 
arteries. When small arteries were directly stimulated a local dilatation 
was also observed in several cases. 1 p.c. acetic acid showed a distinct 
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dilator effect on arteries while the effect on capillaries was doubtful. 
I p.c. iodine gave no contraction of the muscles, a moderate dilatation 
and subsequent stasis in the capillaries directly affected. No spreading 
whatever of the reaction. 25 p.c. urethane produced a considerable 
dilatation of capillaries and stasis. In the dorsal surface of the tongue 
the papillary capillaries showed a distinct dilatation and in some cases 
stasis after mechanical stimulation of the papilla. 

After 26 days there was no distinct change in appearance or reactions 
except in some arterioles. Several arteries showed no reaction whatever 
upon mechanical stimulation, others showed a distinct local dilatation, 
and a few of the arterioles showed a local dilatation and a contraction 
at the point where the branching from a slightly larger vessel took place. 

In another frog operated i in the same way no hyperemia of the right 
side was produced. The reactions when tested after 24 hours were 
absolutely normal. 

After 10 days the tongue was equally pale on both sides, and the 
pinning out produced a uniform hyperemia. Mechanical stimulation 
of capillaries produced on the right a distinct effect which spread over 
a short distance. By stimulation of small arteries spreading of the 
effect to a distance of about 0-7 mm. towards the periphery was observed. 
By the application of iodine and acetic acid no distinct effect beyond the 
limits of the drops could be made out. After 18 days no change could 
be observed, and the distance effect of local mechanical stimulation was 
distinctly more pronounced than in the first frog after a period of 
corresponding length. 

After 100 days the frog, which had obtained no food in the inter- 
vening period, was distinctly anemic with a poor circulation. A number 
of capillaries had apparently disappeared altogether from both sides of 
the ventral surface of the tongue. The reactions to local stimulation 
(mechanical, acid) proved to be normal on the left side. On the right no 
visible effect was produced by mechanical stimulation of the capillaries 
in the ventral surface, but in a few of the dorsal papille a local dilatation 
was produced which in one case even led to stasis. Acid had a very 
slight local effect. Stimulation of arteries produced in some cases no 
effect whatever, in others an enormous but strictly local dilatation. The 
muscles on the right side showed normal contractility when directly 
stimulated by induction currents. The right hypoglossus was found to 
be divided. The glossopharyngeus was continuous and probably 
regenerating. 

In frogs which had their lingual nerves cut in winter the degeneration 
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proceeded so slowly that the reactions to local stimuli could still spread 
months after the operation. 


The conclusions which I think it possible to draw from the preceding 
series of experiments are the following: 

1. The reactions to local stimuli have nothing to do with true 
reflexes, since they are in no way altered by simple section or blocking 
of the lingual nerves. 

2. So far as spreading of the effect over a larger area than that 
directly stimulated occurs this spreading must be due to local axon 
reflexes, since the spreading is abolished by the action of cocaine and 
by the degeneration of the nerves of the tongue. 

3. Certain substances have a dilator effect both through their action 
on the nervous elements and directly on the walls of the vessels. This is 
the case especially with acids and with urethane. 

When attempting to form a picture of the nervous mechanism 
involved one is reminded at once of the antidromic reflexes so admirably 
studied and described by Bayliss). Bayliss showed that nerve 
fibres belonging to the posterior roots were connected with the vessels 
(arterioles) of the limbs and that their excitation produced dilatation. 
It has since been shown by Bruce(6) in experiments on the conjunctiva 
of the eye that the inflammatory reaction produced by mustard oil 
could be abolished by anewsthetisation with cocaine and by degeneration, 
though not by simple section of the corresponding nerve, and Bruce 
concluded that he had to do with antidromic local reflexes in the sense 
of Bayliss. 

Bruce’s experiments have been repeated and amplified by Bardy () 
who found that the inflammation could also be prevented by suitable 
doses of nicotine intravenously or locally applied or by a general narcosis 
with ether. Bardy considers that an axon reflex is set up in the sensory 
nerve endings and that the reflected impulse passes through a special 
branch of the sensory fibre connected with an autonomic ganglion cell 
in the conjunctiva which in its turn causes the arterioles innervated by 


it to dilate. Accordi Bardy nicotine will block the reflex at the 
ganglion cell, and g 1 narcosis will abolish the conduction along the 
whole of the — arc. 


As far as Iam able to see my results can best be brought in harmony 
with the original conception of Bayliss (and Bruce). According to this 
we must assume that sensory nerve fibres which follow the arteries 
divide freely and give off branches, first to the arteries and arterioles 
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and next to the capillaries and the mucous membrane. The ends (end 


organs) of some (or all) of these branches must have a very low threshold 
value for mechanical stimulation, and I think it natural to suppose that 


they are the organs of the ordinary cutaneous senses—especially the 


sense of pressurel. It must be assumed further that the nerve endings 


in the walls of capillaries and arterioles have a double function, being 
at the same time sensory and dilatory—that is inhibitory with regard 
to the vascular tones. The stimulation of the capillary or arterial wall 
itself is certainly more effective and appears to spread further than 
stimulation of an intervascular space. 

In order to explain the observation, which has been made again and 
again, that the effects of a stimulus will spread to an area which depends 


at least approximately upon the strength of the stimulus, it is necessary 
to assume that the nervous process set up by a stimulus is weakened at 
the points of branching by being diverted into two channels instead of 
one. This is precisely what happens in the primitive nerve nets of 
Meduse and other forms. 

The conception to which I arrive is therefore that illustrated dia- 
grammatically in Fig. 2. The nerve fibre accompanying an artery 
divides and innervates both the capillaries and the intercapillary 
spaces. It must also give off branches to the artery, since a stimulus of 


Special nerves and nerve endings must be taken to be responsible for the contraction 
reaction on strong mechanical stimulation shown by some of the arteries. 


* This assumption was made also by Bayliss though he took the nerve endings to 
be confined to the arterioles. 


11 
4 
4 
= 
: 
— 
5. * 
N 
~ 
D 
— 
wo” hi 
<> 
Fig. 2. 
= * 


CAPILLARY MECHANISM. 415 


sufficient strength will cause the artery supplying the stimulated area 
to dilate even at a considerable distance. 

It is quite possible of course that the branches of the nerve fibre 
anastomose and form a network, but it appears to be improbable that 
there is anastomosis between the fibrils belonging to different fibres, 
since the capillary reactions after stimulation of a single point are not 
observed to spread beyond a distance of a couple of mm. 

Although in my experiments there is no definite proof that the vaso- 
dilator fibres have their nerve cells in the spinal ganglia, there are 
strong reasons in favour of this view. Before enumerating these I may 
give the results obtained by stimulation of the lingual nerves. 

Bayliss showed that mechanical stimulation of a posterior root 


is a very effective means of causing vaso-dilation. The numerous experi- 


ments which have been made upon the sciatic show that in the presence 
of many vaso-constrictor fibres it is only mechanical stimulation that 
can be relied on to cause dilatation of the blood vessels. I have made 
the following experiments. 

1. Electrical stimulation of the glossopharyngeal and hypoglossal 
nerves has been tried repeatedly. I have applied make and break of a 
constant current, rapid interruptions and inversions of a constant 
current by means of v. Kries’ rheonome, single induction shocks 
repeated at varying intervals and tetanisation with very varied strengths 


of current. | 


I have never been able to elicit any response from the vessels by 
stimulation of the N. hypoglossus, except in some curarised frogs in 
which the muscles contract ; the contraction is accompanied by dilatation 
of the vessels. 

By stimulation of the N. glossopharyngeus with a short series of weak 
induction shocks or weak tetanising currents I have sometimes obtained 
contraction of small arteries and arterioles, but no effect on the capillaries 
has ever been observed. 

2. Mechanical stimulation by pinching almost constantly produces 
a distinct hyperemia with dilatation both of capillaries and arteries and 
consequently a rapid current of blood. In a few cases I have seen the 
dilatation of capillaries preponderate in so far that the current through 
them became visibly slower. The dilator effect develops after a latent 
period of several seconds or even }-} minute. It lasts usually about as 
long as the dilatation produced by local mechanical stimulation. When 
it has subsided a repeated dilatation can be evoked by pinching the 
same nerve nearer the periphery. After complete crushing of both 
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nerves a very strong hyperemia of the corresponding side of the tongue 
is produced which may take a day or two to subside. 

In some experiments I have spread the ventral surface of the tongue 
and pinched the nerve branches which are distinctly visible accom- 
panying the arteries with the invariable result that the arterioles and 
capillaries in the corresponding area became dilated. In other experi- 
ments I have spread the dorsal surface and isolated the nerves in the 
floor of the mouth. In one case I pinched first the N. hypoglossus, but 
did not obtain a general hyperemia of the corresponding (right) side of 
the tongue. In certain restricted areas, however, the papille became so 
strongly injected that the hyperemia was distinctly visible with the 
naked eye. This reaction was evoked several times. Subsequent pinching 
of the N. glossopharyngeus produced a general hyperemia of the right 
papillary surface. The dilatation appeared to be most pronounced in 
those areas which did not respond to the stimulation of the hypoglossal. 
In another experiment I began by pinching the N. glossopharyngeus 
and observed a considerable hyperemia of almost the whole of the 
corresponding half of the tongue. In two small areas, however, the effect 
was absent or very slight. Subsequent pinching of the hypoglossal 
produced dilatation of the papillary capillaries in one of these while the 
other failed to respond. 

In one experiment the circulation was very feeble. A slow movement 
of the blood was just visible in the largest vessels, but the capillaries in 
most of the papilla were empty and the surface of the tongue very pale. 
Repeated pinching of the glossopharyngeal nerve had no directly visible 
effect, but very slowly the capillaries in considerable areas of the corre- 
sponding half of the tongue became filled with blood and considerably 
dilated so that it appeared distinctly hyperemic to the naked eye, 
though no circulation could be observed by means of the microscope. 
The other half of the tongue remained unaltered and there were no 
signs of venous stasis. 


According to the experimental results detailed in preceding pages we 
have the following positive reasons for the assumption that the vaso- 
dilator fibres are sensory. 

_ 1. Their end organs respond readily to very weak mechanical 
stimulation—scratching with a hair bending at 1 mg. pressure. 

2. The end organs become paralysed by the action of cocaine. 


3. The nerve fibres respond to strong mechanical stimulation but 
not to the ordinary forms of electrical stimulation. 
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As reasons against the assumption that the fibres in question may 
be autonomic the following facts can be adduced. 

4. Adrenaline in weak concentrations has no effect upon any of the 
vessels in the tongue. It is improbable therefore that the nerves belong 
to the dorsal sympathetic. 

5. If they were cranial autonomic the ganglion cells would probably 
lie in the tongue, but in that case the postganglionic fibres would not 
degenerate after section of the nerves containing the preganglionic 
fibres. 

The origin of the capillary tonus. According to the results of the nerve 
section and degeneration experiments the capillary tonus is only to a 
very slight extent—if at all—of a nervous nature, since it is generally 
maintained after section and also after complete degeneration of the 
lingual nerves*. It can be shown that the tonus is abolished by cutting 
off the blood supply. 

I have in several experiments tied branches of the lingual artery” 
and kept them closed for 3-14 hours. The invariable result when the 
circulation was again opened has been a hyper#mia with some dilatation 
of arteries and generally an even more pronounced dilatation of 
capillaries. The degree of capillary hyperemia has been more or less 
proportional to the duration of the ischemia, and in an experiment 
which lasted 14 hours an excessive hyperemia with almost complete 
stasis and exudation of plasma developed when the blood was again 
admitted. Similar effects of artificially produced ischemia are well 
known from experiments on mammals, but they are generally ascribed 
to the accumulation of acid metabolites due to the lack of oxygen 
produced. In the case of the spread tongue of a frog the supply of oxygen 
by diffusion from the atmosphere to the mucous membrane, the larger 
vessels and most of the muscles, will be sufficient for their normal meta- 
bolism, though a calculation shows that there possibly is oxygen lack 
in the papillary surface. To make quite sure that lack of oxygen has 
nothing to do with the dilatation of the vessels after ischemia, I have 
repeated these experiments on frogs, which were kept in an oxygen 
atmosphere during the whole period while the vessels were ligated. The 


1 In the degeneration experiment given in detail on p. 412 the tonus was distinctly 
weakened, however, for so long a time after section of both nerves that it is difficult to 
assume a persisting state of excitation from the cut fibres. 

2 Care has to be exercised in order to avoid damaging the nerves along the arteries. 
After arranging the ligatures but before the current of blood was interrupted I have made 
observations to make sure that the operation had only produced a local hyperemia and 
showed no effect on the area irrigated by the artery. 
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results were practically the same as in air, though the hyperemia pro- 
duced after 14 hours’ ischemia in oxygen was somewhat less excessive 
than in the corresponding experiment in air, and no complete stasis 
occurred. 


In another 14 hour experiment it was observed after the 14 hours, 
but before the circulation was opened, that the left lingual artery 
experimented on was not completely blocked. A movement of the blood 
could just be discerned in the largest arteries and veins, though it was 
much too slow to be seen in smaller vessels. It is very significant that in 
this case the admittance of the blood at full pressure produced only a 
very slight hyperemia with a few more open capillaries than on the 
control side and perhaps a slightly more rapid current. 

When these observations are applied to the normal resting condition, 
in which a large number of capillaries are closed, they lead to the con- 
clusion that a capillary cannot remain completely closed indefinitely. 
When it gets no blood its tonus will diminish, and it must finally become 
relaxed and admit a current of blood which will allow it to regain its 
tonus. Every capillary must therefore “alternately open and close, and 
in the résting tissue, which is very poorly supplied with blood, the 
positions of open capillaries must be continuously changing, with the 
result that the whole tissue is uniformly irrigated when considered over 
a period of sufficient length. Observations which seem to confirm this 
deduction have been made on muscles and will be recorded in a later 
paper. 

SUMMARY. 

The reactions to various, mainly local stimuli of capillaries and 
small arteries in the tongue of the frog have been studied microscopically. 

Experiments are described which show that the arterial pressure is 
unable to dilate the capillaries to any appreciable extent or open them 
up when they are tonically contracted, while the venous pressure may 
be sufficient to fill them, when relaxed in response to weak mechanical 
or chemical stimulation locally applied. The state of filling of the 
capillary vessels does not depend therefore upon the arterial blood- 
pressure but upon the degree of tonus or relaxation of the capillary 
wall. 

Local mechanical or thermal stimulation or the application of minute 
drops of weak acid, cocaine, adrenaline, etc., may produce dilatation 
both of capillaries and arteries, When the stimulus is sufficiently strong 
the effect spreads to an area greater than that stimulated. Urethane 
causes dilatation of capillaries without affecting arteries. 
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The reactions of the vessels to local stimulation are abolished by 
cocaine. They are not affected by simple section of the nerves but dis- 
appear when sufficient time is allowed for the nerves to degenerate. It 
is concluded that the reactions are due to local axon reflexes of the 
antidromic type along the fibres of sensory nerves which are supposed 
to give off numerous branches to capillaries and small arteries. 

Electrical stimulation of the lingual nerves was found to be without 
effect on capillaries, but strong mechanical stimulation may cause very 
considerable dilatation of capillaries and arteries in the area innervated. 

The capillary tonus is not—at least not principally—of nervous 
origin, but is shown to depend upon the supply of blood. A vessel which 
has been closed by tonical contraction for a certain period will relax in 
consequence and admit a current of blood which will in turn allow it to 
regain its tonus. 

known, but it is shown that it cannot be oxygen. 


(1) Krogh. Journ. of Physiol. 52, p. 457. 1919. 

(2) Dale and Richards. Ibid. p. 110. 

(3) Dale and Laidlaw. Ibid. p. 355. 

(4) Roy and Grahem Brown. Ibid. 2, p. 323. 1880. 
(5) Bayliss. Ibid. 26, p. 173. 1901. 

(6) Bruce. Arch. f. exp. Path. 68, 424. 1910. 

(7) Bardy. Skand. Arch. Physiol. 32, 198. 1915. 
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THE DETERMINATION OF THE CIRCULATION RATE 
IN MAN FROM THE ARTERIAL AND VENOUS co, 
TENSION AND THE CO,OUTPUT. By G. LILJE- 
STRAND J. LINDHARD. 


University of Copenhagen.) 


In 1870 A. Fick) pointed out that the quantity of blood which is 
driven out from one ventricle of the heart during a given time can be 
calculated, if the respiratory exchange and the vol of CO, and O, 
in the arterial and venous blood respectively are known. The principle 
thus introduced has been extensively used in animals by Gréhant and 
Quinguaud@) and Zuntz and Hagemann) and quite recently with 
improved technique by Barcroft, Boycott, Dunn, and Peters(4). 
In man Loewy and v. Schrétter(5), Plesch(6), and Fridericia(7) 
adopted the same principle as regards the O,-consumption and 0, 
contents of the arterial and venous blood. The determinations of the 
gases of the arterial and venous blood in man are made indirectly : the 
arterial and venous tensions of the gases are ascertained, and then the 
gas volumes contained in the blood at these tensions are determined 
separately. Important drawbacks of the method are that it is necessary 
to determine not only the O,- but also the CO,-tensions and also in 
every single case the O-absorption of the blood at these pressures, as 
this function varies individually and is highly affected by the CO,- 
tension. For these reasons it seems very desirable that the performance 
of the circulation rate determinations after Fick’s principle should be 
improved. From this point of view the investigations of Boothby and 
Sandiford(8) and of Sonne) are of interest. 

Boothby and Sandiford (ep. Boothby do) did not calculate the 
volume of blood passing through the lungs from the CO output and the 
arterial and venous CO,-tension—though they point out the possibility 
of such a calculation—but they proceed in the reverse order. From the 
minute-volume, as determined by the nitrous oxide method of Krogh 
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and Lindhard(), the CO,-output and the alveolar OO tension they 
calculate the venous CO,-tension. For this calculation they make the 
assumption that the CO,-absorption curve for their subject of experi- 
ments is the same as that found by Christiansen, Douglas and 
Haldane@2). The values thus calculated for the venous CO,-tension 
are compared with direct determinations. As the CO,-absorption of the 
blood increases with lowering of the O,-tension, the real venous CO,- 
tension should truly be calculated and estimated at the existing venous 
O,-tension. Boothby and Sandiford, however, simplified the com- 
putation in such a manner that they only had to deal with the CO,- 
tension in the lungs after complete oxygenation of the blood. Though 
this tension is much higher than the really existing tension, the CO- 
content of the blood however must be the same. And if the CO,-absorp- 
tion curve for oxygenated blood ‘is known, it is easy to calculate from 
it the venous CO,-tension for the fully oxygenated blöd, a quantity 
that is also very easily determined approximately directly. 

The reasoning of Sonne is quite analogous to that of Boothby and 
Sandiford, though he takes the minute-volume of the heart as the 
unknown factor. He also assumes the curve found by Christiansen, 
Douglas and Haldane to be generally applicable, not only to healthy 
subjects but also to patients suffering from various diseases, on the 
assumption that there is no abnormal pg of the blood. From the curve 
mentioned he finds that a pressure-difference of 1 mm. Hg corresponds 
to an alteration in the CO,-content of 0-4 o.c. for 100 c.c. of blood 
within physiological pressures. As Boothby and Sandiford he deals 
only with the CO,-tension of completely oxygenated blood. 

If the assumption of Boothby and Sandiford and of Sonne 
that the curve of Christiansen, Douglas and Haldane is without 
correction applicable to other subjects were true, it would be a simple 
matter to determine the blood-flow through the lungs of man, especially if 
the venous CO,-pressure is measured, as they propose, simply after full 
oxygenation in the lungs. Since, however, the validity of the assumption 
appears doubtful, it seemed desirable to investigate the method in some 
detail and also to compare it further with the method hitherto most used, 
viz. that of Krogh and Lindhafd. | 

Our experiments, which were peiformed on ourselves, took place 
several hours after a very light breakfast. After the subject had been 
sitting quietly for at least half-an-hour, the venous CO,-pressure was 
determined according to the technique described by Fridericia. After 


_ expiration to residual air the subject took a deep inspiration from a 
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- spirometer, containing a mixture of CO, and common air, or, in some 
experiments, air + oxygen. Then the breath was held for two to three 
seconds, then about half of the inspired air was expired to the spiro- 
meter, and the breath held again. After 7-10 seconds, the rest of the 
inspired air was expired. Of the two expirations, samples were taken 
, from the rubber tube connecting the subject with the spirometer. As 
time and expirations had been graphically recorded and the residual air 
of the subjects being known, it was possible to calculate the CO, 
eliminated or absorbed between the two expirations. For details com- 
pare Fridericiach. In order to be sure that the saturation of the 
hemoglobin should be complete, we introduced in some experiments 
oxygen in the spirometer. 

The respiratory exchange and the number of e were 
determined in respiration experiments, taking place after at least 45 
minutes complete rest. The dead space of both subjects having been 
determined by the method of Krogh and Lindhard s, we calculated 
the alveolar CO,-pressure from the respiration experiments. The CO,- 
absorption curve of the blood was determined by the method published 
recently by Krogh and Liljestrand«@4). On G. L. in all 20 determina- 
tions at varying CO,-pressures and complete oxygenation of the blood 
were carried out, which have already been published in detail. Here we 
reproduce only the curve for G.L. On J.L. six determinations were 
made. 

c Turning now to the results of our experiments, we give in Table I 
and Figs. 1 and 2 the values for the venous CO,-tension in G.L. and 
J.L. 


The values of G.L. (Fig. I) show a remarkable agreement between 


the two groups with air and with air + oxygen, which proves that the 
oxygenation is already complete in the experiments with common air. 
Experiments with the same CO- absorption or elimination per second 
show however differences in tension amounting to about 2-3 mm. Such 
differences, the cause of which must be sought for in real changes in the 
blood, are found not only between experiments from different days but 
also in experiments performed within half-an-hour (22.11). Fridericia 
assumes that the values found can be considered to give the real venous 
CO,-tension, if the quantity of CO, eliminated or absorbed per second 
does not exceed 1 c.c. Fig. 1 does not support this view with regard to 
G.L. In those cases where CO, is taken up by the body from the air in the 
lungs (—) there is a marked tendency for the values found to sink with 
lowering of the quantity of CO, that is taken up. And the values on the 
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„ Tam I. Determinations of the venous CO, 
co, 
0 Air after after eliminated 
in the the +)or Freq 
Duration the first ex- second bed of 
| Bar. ofexp. lungs piration exp. (-) ee. the 
| Time mm. min. 1. p. o pc mm. per see. pulse Subject Remarks 
1 19. 11. 
1.30 752 0-135 183 630 654 461 +049 72 G.L. Air“ 
1.45 752 0-133 4-06 706 697 49-1 -~0-41 68 5 Fi 
| 2.00 752 0-117 3-52 7-17 602 488 -113 68 
1. 
11.00 7475 0136 3-33 6-49 +022 58 „  Air+oxygent 
10 74756 0 3-65 6-19 6-25 43-8 55 * 
1.50 7475 # 0141 300 85-04 619 434 +081 55 
q 25. 11 
10.35 748 0-150 3-57 7-46 7-22 — 0-87 65 * * 40 
10.50 748 0-142 2-84 7-63 728 -076 63 
26. 11. 
10.15 744 0-152 2-97 6-47 45-1 +000 66 353 
g 10.30 744 0-142 279 726 608 487 -082 57 „ Air Toxygen 
10.35 744 0-154 2-62 6-32 6-44 44-9 +0-30 66 „ Air 
27. 11 
10.50 748 0-126 2-82 725 708 406 -057 86 * 
1.20 748 0146 240 728 706 495 -054 51 „ Air+oxygen 
4. 12. 
11.45 750 0-139 238 660 # £658 46-2 -005 64 eet 
| 15. 11 
5 0216 421 641 661 # 465 +059 66 ##=J.L. Air+oxygen 
751 0-223 4-48 6-77 47-7 +045 — ” 
11. 
11.35 741-5 0-148 3-90 6-32 6-58 +102 64 
1.45 741.5 0188 421 7.29 7.24 50.3 -O21 62 
11.55 7415 0-129 4-23 6-55 712 40-4 +28 60 „ Air+oxygen 
24. 11. 
11.00 740 0-194 420 660 662 458 +007 66 „ 
11.50 740 0-155 441 6-46 6-88 47-7 +18 58 „  Air+oxygen 
25. 11. 
140 7 3/4 7.28 7.21 61 
11.45 748 0-155 361 692 666 466 — 091 58 „ 
26. 11. 
10.45 744 0-142 4-08 7-03 691 48-2 — 0-52 66 „  Air+oxygen 
106 74 0116s 792 7.86 54.7 66 „ Air 
11.35 744 0-145 3-78 7-61 7-76 54:1 0˙58 63 „ Air oxygen 
N. 11. 
11.32 748 0-148 3-71 7-56 7-26 50-8 -1-13 64 ” ” ” 
11.43 748 0-139 3-56 7-12 700 49-0 — 0-46 63 8 
28. 11. 
10.20 752 0-151 3-27 6-89 6-86 48-4 — 0-99 64 70 55 
10.52 752 — — 6-96 6-78 47:8 — % 62 „  Air+oxygen 
— 20-91 p. c. oxygen in second sample. 


182 second 
mphical registration: for dasedion of experiment and in the 
mi. 11 the limiting values - 0-46 and - 0-96 are calculated. 
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other side of the equilibrium obviously increase when the CO, eliminated 
is diminished. Thus both sets of values approach a limit very near 46 mm. 
All values below the equilibrium give the mean 44-8 mm., and those above 


* 
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pr See. 


Fic. I. Venous CO,-tension of G. L. The abscissa indicates the pressure foundlin mm. of 
Hg, the ordinate the amount of CO, in o. o. per second that is taken up ( Nor. given 
off (+) by the body to the air in the lungs between the two samples (cp. the test). 
+ =experiments with air, experiments with air + oxygen. 


we 
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pr Sec. 
Fra. 2, Venous CO,-tension of J. L. Indications as in Fig. I. 


it give 49-0 mm. To find the probable average tension, the safest course 
appears to be to consider only those where the tension equalisation is 
nearly complete, e.g. where not more than 0-5 c. c. CO, per second is 
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taken up or given off. The means are for the 3, respectively 5, values 
above and below the equilibrium 47-6 and 45-4, with 46-4 as the general 
average. The fact that also those values, where CO, is absorbed by the 
body in smaller quantity than 0-5 c.c, per second, seem to diminish 
with lowering of the value of the absorption more than the corresponding 
increase on the other side of the equilibrium, indicates that the most 
probable value for the mean tension in this subject is very near 46 mm., 
though at the same time it must be admitted that there is some unavoid- 
able uncertainty. 

For J.L. (Fig. 2) the values show a similar though not so pro- 
nounced tendency as in G.L. Two determinations, both from the same 
day and lying the one above, and the other below, the equilibrium, have 
from unknown reasons given remarkably high values. There seems to be 
no doubt, however, that the real value on this occasion was high. The 
values above and below the equilibrium give the means 49-6 and 48-1 
mm. respectively, thus giving the average 48-9 mm. If, however, the 
two extremely high values mentioned are excluded, and this seems to 
be justified by their great deviation, we get the values 47-1, 49-0 and 
48-0 mm. respectively. The uncertainty is undoubtedly greater here 
than in the series on G. L. ö 


Venti - 
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The experiments for determination of the respiratory exchange and 
the alveolar CO,-tension are found in Table II. The total dead space 
(personal dead space + dead space of valve and mouthpiece of mask) 
was for G. L. 170 ¢.c. (37°) and for J. L. 182 C. c. (37°). 

From the table the following averages are found. For G.L. the 
alveolar CO, pressure is 35-7 + 0-75 mm., the CO, output 189 + 6-3 c. o. 
and the O,-consumption 221 + 4-9 c.c. For J.L. the corresponding 
values are 34-9 mm., 169 and 213 c.c. 

The CO,-absorption of the blood of G.L. is represented by the upper 
curve Fig. 3. With the blood of J.L. the following six determinations 
were made (Table III). 


Tam III. CO, absorption of the blood from J. L. during rest (37°). 
-pressure in Volumes of CO, in 100 
— volumes of Mood 


Time saturator; mm. of Hg 
20. 11 23-6 33-6 
* 510 47-3 
* ” 48-2 
5. 12 41-7 44-4 
44-9 
70 
60 — 


S 
\ 


0 20 30 40 50 60 70 1% 


Fig. 3. Upper curve—abeorption of CO, by blood of G.L. in presence of oxygen and 
CO, (37°). WWW 
and CO, (37°). 


The determinations on J.L. are also plotted in Fig. 3 and give the 
lower curve. These curves are in this connection of a special interest. 


They show clearly that the assumption made by Boothby and 
Sandiford and by Sonne that the curve found by Christiansen, 


Douglas and Haldane could be applied to all healthy persons is not 
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correct, There is a very distinct difference in the general shape of the 
curves. In those parts which have the greatest physiological interest, 
viz. between 30 and 50 mm. pressure, we find for G.L. an increase in the 
absorption of 5-7 vol. p.c. between 30 and 40 and 4-8 vol. p.c. between 
40 and 50 mm. For J. L. the corresponding values are 5-6 and 3-3 vol. 
p.. From the curve for J. S. H. da) we find the values to be about 5:3 
and 4-2 respectively. 

Thus, when Sonne assumes that the curve is approximately a 
straight line (for the CO,-pressures within the living organism) and that 
a tension-difference of 1 mm. of Hg corresponds to 0-4 C. c. of CO, in 
100 ¢.c. of blood, none of these assumptions can be maintained. Also 
the determinations published by Hasse] balch(s5) give evidence that 
the CO,-absorption curves of different individuals differ not only as 
regards the level of the curve but also (at about the same level) as 


regards the shape of the curves. It seems necessary therefore to deter- 


mine the curve separately for each subject, if the minute-volume of the 
heart is to be calculated from it. And this becomes the more necessary, 
because, as pointed out later, the sources of error in the method are 
rather great. 

From the values obtained we calculate in the following table the 
blood-flow of our subjects. 


Tam IV. The blood-flow calculated after Fick’s principle. 


Mean CO,- Mean CO 
of He. volume sumption 
venous venous Var 
GL. 460 3574075 473 421 52 (189463 221449 34 60-6 
J. L. 480 349 468 416 52 169 213 3-3 65-5 


Concerning the sources of error in the method, the alveolar CO,- 
pressure in the subject G.L., where a relatively large number of experi- 
ments was performed, had a mean error of + 0-75 mm. The mean error 
of the venous pressure cannot be calculated in this way with regard to 
the uncertainty of complete equalization in some experiments. Yet it 
seems fair to assume that the probable error must be at least of the 
same magnitude as for the alveolar tension. Boothby gives as large an 
average deviation as 1-8 mm. from 68 determinations during rest; 
there seems to be no guarantee, however, for complete equalization. 
Assuming a mean error of 1 mm. for both arterial and venous pressure 
and a pressure difference of 10 mm., this would involve a mean error 
for the difference of 1-4 mm., i. e. 14 p.c. As for the absorption-curve of 
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the CO, of the blood, slight errors in the determination of the shape 
must have a very great influence, since the absolute difference for the 
pressure difference in question is small. Obviously errors of at least 
10-20 p. e. from this cause must be taken into account. The errors lastly 
from the determinations of the CO,-output—though generally not large 
—augment the uncertainty of the determination of the blood-fiow. 
From these considerations it seems necessary to assume that the method 
for determination of the blood-flow has an uncertainty of at least some 
20 p.c. and during unfavourable conditions much more. The uncertainty 
of the Krogh-Lindhard method, considered by them to be approximately 
about 10 p.c., is without doubt much lower than that of the method 
mentioned. 

It seemed to us of interest to compare the results obtained by thé 
method here described with those found by the nitrous oxide method. 
As, however, the time at our disposal was not sufficient to obtain a 
reliable series of such determinations, and, as recent experiments made 


during somewhat different conditions agreed fairly well with previous 


experiments made under similar conditions, wehave found it permissible 
to use earlier experiments performed after a sufficiently long resting 
period for comparison. The homogeneity of a series of circulation 
experiments is not governed by the time interval between each experi- 
ment but by the uniformity of the prevailing subjective and objective 
experimental conditions. 

In the case of J.L. we have the following series (7): 


0 I. Or abs. Min. Output 
red., I. 0. o. o. o. o. o. red., I. rate boat 

K. and L. method 133 876 63-5 250 3-9 66 60 

8-5 520 61 9 7˙2 63 66 

10-9 710 1 3-8 71 54 

78 543 69-5 3-6 70 51 
Average 65 250 3-9 
Present method 65-5 213 3-3 
Method of Fridericia 60 250 4-2 


In the case of G.L. the available material is more limited. During favourable conditions 
we have found by the 


K. and L. method (16) 52-5 228 4:3 8 
method 221 3-6 


Now it must be Maia in mind that the minute volume of the heart is 
not an independent variable but a function of metabolism. The essential 
feature in circulation is the oxygen absorption (resp. giving off) per 


4 
| 
4 
| 
3 
‘ 
* 


CIRCULATION RATE. 429 


unity volume of blood, and only this function, therefore, can be applied 
for comparison when metabolism varies. Remembering this the above 
figures show that in the case of G.L. the present method gives values 
about 15 p.c. higher than those obtained by the Krogh and Lindhard 
method. The deviation from mean of the two averages is thus some 
7 p.c. or within the limits of error of both methods. For the subject 
J.L. the values obtained by the two named methods are identical, 
while a third method, the method of Fridericia, gives 3 p.c. lower 
values for the oxygen absorption. per litre of blood. Also this difference 
lies of course within the limits of error of the methods concerned. As 
the large experimental material now at hand does not furnish any base 
for the assumption that the methods used are vitiated by systematical 
errors, it must be claimed that we are able to get a fairly reliable 
expression for the blood-flow through the lungs, when we consider the 
average of a series of experiments. The methods are all complicated and 
rather laborious, and owing to the instability of the function concerned 
and the impossibility to determine the real experimental conditions a 
single determination may be erroneous. 

The method described in the present paper was worked out in the 
hope of obtaining a method more easy to manage and, if possible, more 
reliable than that of Krogh and Lindhard. In both directions, how- 
ever, we were disappointed. The present method requires more apparatus 

and is appreciably less reliable than the nitrous oxide method. 


SuMMARY. 


The method of calculating the blood-flow in man on Fick’s principle 
from the arterial and venous CO,-pressure of the oxygenated blood and 
the CO,-output is discussed. Individual variations of the shape of the 
CO,-absorption curve of the oxygenated blood make it necessary to 
determine it separately for each subject. 

Determinations during rest performed with the method gave 
results which showed a satisfactory agreement with determinations 
according to Krogh-Lindhard’s method, considering the rather great 
uncertainties of the method on Fick’s principle. 
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THE CHANGES IN RESPIRATION AT THE TRAN- 
SITION FROM WORK TO REST. By A. KROGH 
AND J. LINDHARD. 1 


(From the Laboratory of Zoophysiology, University of Copenhagen.) 


We have in previous papers called attention to the changes in the 
_ physiological state of the body especially regarding the respiratory 
functions at the transition from rest to work and during the initial 
stages of muscular work either voluntary or electrically induced (1, 2). 
In the present paper we propose to deal with another transitional state, 
namely the transition from work to rest. 

We have made use of Krogh's bicycle ergometer and respiration 
apparatus described in detail elsewhere(3). After a working period of 
variable length and intensity the work was stopped suddenly, and the 
subject placed his feet on the foot-clamps of the ergometer. Thus the 
experiments after work were made in the same position of the subject 
as were the resting experiments made before work began and they may 
be compared directly with the latter. 

Usually the first respiration experiment began about -2 minute 
after cessation of work and lasted about half a minute, the later experi- 
ments lasted a minute or a little more. In addition to the respiration 
experiments b-samples of alveolar air were drawn corresponding more 
or less closely to the former. As however the values for the metabolism 
calculated from the b-samples and the calculated alveolar ventilation 
differ some 10 per cent. from the results of the respiration experiments, 
and as the correction to be introduced is not constant owing to the fact 
that the b-samples to a certain degree depend on the mechanics of 
respiration, we do not think it of sufficient interest to deal with the 
alveolar samples, especially, as the results obtained from these on the 
whole only differ from the results of the respiration experiments in 
showing a somewhat greater variability. 

In the following pages the main results will be dealt with; some 
protocols are given at the end of this paper to illustrate the details of 
the experiments. 

PH, Im. 28 
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Ventilation. A glance at Fig. 1 and Figs. 1 and 2 in the previous 

„ paper dealing with voluntary mus- 

. cular work will suffice to show that 
the changes in ventilation taking 

\ 1477 place, when passing fröm work to 
| rest, have quite another character 

) 1 than those found when passing from 
| L rest to work. In the latter case the 
ventilation curve presents a sudden 


n marked rise while the curve, 
Tine “1 mitante. when work has ceased, only gradually 
and rather slowly falls to the resting 


level. The very moment, when work ceases, cannot as a rule be 
recognised on the curve. Running parallel with the decrease in venti- 
lation we find a more uniform decrease in frequency and depth of 
respiration. After severe work the functions named may nearly reach 
the resting level within some 10 to 15 minutes. | 


Respiratory exchange. The oxygen intake decreases rapidly, when 
work is stopped, and reaches in about three minutes a fairly constant 
level, the height of which depends on the intensity of the preceding work. 
During the following minutes the fall in the curve is as a rule very slow, 
and if the work performed has been vigorous the respiratory exchange, 
as pointed out by Durig and Zuntz(4), does not return to the resting 
level for at least five hours or even for two days or more(5). Fig. 2 shows 
the decrease in the oxygen consumption in the first five minutes after 
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work has ceased. The curve corresponding to Exp. I lies somewhat 
higher than the rest, and the curve for Exp. II at least at the 
beginning a little lower owing to the higher resp. lower starting point in 
these experiments. If, however, we start from the last working value 
and calculate the percentage decrease, all experiments may. fairly well 
be represented by a single curve, indicating that the decrease takes 
place in a very uniform manner (Fig. 3). 

We have pointed out d) that at the transition from rest to work the 
oxygen intake does not rise instantaneously though certainly very 
rapidly to a level corresponding to the amount of work performed. The 
time elapsing before the level has been reached cannot be determined 
with certainty from our experiments because the work was not kept 
constant, Liljestrand and Stenstrém(6), however, have shown that 
even a level corresponding to 3000 c. c. O, per minute with fairly con- 
stant work may be reached in about -8 minute. In other cases, perhaps 
owing to a less abrupt beginning of work, it will last somewhat longer, 
in some experiments of ours 2-3 minutes. As the mechanical efficiency 
of the subject cannot be determined independently of the respira- 
tory metabolism, we had no means of deciding whether the oxygen 
deficit, arising, say, in the first minute of work, is regained during the 
working period or not. The experiments dealt with here show clearly, 
that the loss is not, or at all events not to any appreciable extent, 
recovered during work. In Exp. VIII we have determined the curve 
for the oxygen absorption in the first minutes of work as well as the 
curve for the same function after work has ceased. A measurement 
(planimetric) of the two areas bordered by the O-ordinate, a line repre- 
senting the level of the oxygen curve and this curve itself, resp, the 
ordinate corresponding to stoppage of work, the oxygen curve after 
work and the resting level, will prove, that these areas are approximately 
equal in size (Fig, 4). In the present case each area represents about 
1850 c.c, of oxygen, The total amount of oxygen available in the blood 
at the beginning of work is about 750 C. c., and of this not more than 
two-thirds can possibly be taken up by the working muscles. The 
oxygen deficit of the muscles during work is therefore at least 1350 c.c. 
This deficit must represent the anoxybiotic reactions which take place 
during the first phase of the contraction process and which are not 
finally made up by oxidation until after the work has ceased. 

Regarding the fact that the oxygen consumption at the beginning 
does not correspond to the work performed, we thought it might be 
possible, when very severe work was started suddenly and then stepped 
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again before the corresponding level of the oxygen curve had been 
reached, to get a rise in the oxygen intake after the cessation of work. 
We made two experiments to try this possibility but were disappointed 
in our expectations. In the first case (IV) the work was obviously too 
small in amount and had lasted too Icng. In the second (VII), lasting 
-52 minute, the work was very vigorous, corresponding to 2310 kgm. 
per minute. The oxygen absorption was not determined, but in another 
experiment, in which the work was but insignificantly higher, we found 
an oxygen consumption of 2820 c.c. per minute -52 minute after the be- 

ginning of work. In the present case, a respiration experiment -40 minute 
after work gave 1455c.c. O, per minute, and an alveolar sample 
-15 minute after work gave 1565 c.c. per minute. Even if the last named 
determination is somewhat unreliable, there can be no doubt about the 
result, that the oxygen consumption has decreased rapidly as soon as 
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work was stopped. On the other hand it is extremely probable, that the 
total “oxygen area” has been greater after than during work. 

The respiratory quotient in two experiments (II and III), representing 
the least heavy work, was falling at the transition from work to rest, 
to regain in a couple of seconds the working value. In four experiments 
with heavier work the quotient rose, when work was stopped, and rose 
above unity. In two experiments (IV and VII), finally, the working 
quotient was not determined, but after work the quotient was in both 
cases very high and must be considered to belong to the second group. 
If in the Exps. V-VIII we take the value from the first experiment 
after work as starting point and calculate the proportionate decrease, 
the values from these four experiments may be represented by a single 
curve (Fig. 5). The most characteristic feature met with seems to be a 
marked rise, the more pronounced as the work becomes more and more 
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heavy, followed by a fall to subnormal values, i.e. values below · 7. Yet 
the values found in the first respiration experiment after work do not 
represent the highest figures for the quotient. Alveolar samples drawn 
just before and after this experiment show, that the quotient rises 
somewhat higher, the turning point of the curve may be supposed to 
lie one minute and a half after work has ceased and amount to some 
110 per cent. of the figure from the respiration experiment. How these 
regular variations are to be explained is at present not quite clear, but 
a likely explanation may be, that the lactic acid produced in the muscles 
during work perhaps in connection with a persistent increase in the 
excitability of the respiratory centre leads to a washing out of CO, and 
thus raises the quotient. When the lactic acid has been eliminated and 
the centre has regained its normal excitability the accumulation of CO, 
causes the quotient to decrease. 

If we consider the alveolar CO, tension in Exps. V-VIII, it results 


that in the first period (i.e. half a minute to three minutes after work 
has ceased) the alveolar tension is constant or somewhat decreasing 
(ep. Protocols VI-VIII). The b-samples mentioned seem to show that 
this movement is real; there are no signs indicating a wave corresponding 
to the rise and fall in the quotient in the same interval. From about the 
third minute the alveolar CO, tension rises slowly, symmetrical with the 
simultaneous fall in the quotient. In Exps. I-III there was likewise a 
fall in the alveolar tension in the first minute after work, but the 
transition from work to rest acted in a different manner in the two 
groups of experiments. In Exps. I and II the alveolar CO, tension rose, 
when work was stopped, in Exp. III it did not alter and in the following 
experiments we find a more or less marked decrease. These changes do 
not appear to have any relation to the working 2258 of the alveolar 
tension. 

The behaviour of the quotient within the first ain minutes in 
connection with the simultaneous washing out of CO, may indicate the 
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appearance of fixed acids in the blood. The subsequent rise in the tension 
may thus be due to the successive elimination of these acids. 

Regarding the electrically induced work in the Bergonié chair we 
may refer to our previous paper(2). The experiments dealt with here 
have been made in continuation of the work-experiments already 
described. The considerable variation in the results from such experi- 
ments compared with those from experiments on the ergometer, is 
evident also in the experiments after work. There can be no doubt, 
however, that the essential features met with are similar, whether the 
work has been voluntary or electrically induced. 

Concerning the mechanics of respiration, the ventilation in the work- 
experiments is disproportionately high compared with the oxygen con- 
sumption, and the decrease, when work is stopped, is very marked. 
The frequency of respiration behaves in quite a similar manner, while 
and 
after voluntary work. 

The decrease in the oxygen eln is shown in Fig. 6. A com- 
parison between this figure and Fig. 2 will prove, that the first- named 
presents a less marked fall and, at least within the first three minutes, 
maintains a somewhat higher level than the latter. The different shape 
of the curves may partly be due to the fact, that the working level is 
as a rule remarkably higher in voluntary than in electrically induced 
work, but it cannot be doubted, that the return to the resting level in 
the Bergonié experiments shows a more protracted course than in the 
ergometer experiments. Besides certain irregularities are usual; a lower 
value preceding a higher is not uncommonly met with. In one experi- 
ment we have quite an inverse curve for the oxygen absorption. The 
first value—1-25 minutes after cessation of work—is remarkably. low, 
far below the value found at rest, and since the respiration during the 
experiment is interrupted by long pauses, more or less unreliable. Then 
the oxygen absorption rises and at 9 minutes after work it amounts to 
445 0.0. per minute, i. e. 100 c.c. above the resting level on this day. 

The respiratory quotient is in the Bergonié experiments first and 
foremost depending on the respiration during the preceding work. In 
most cases the quotient during work is disproportionally high and then 
exhibits a sudden decrease at the transition from work to rest. The 
decrease is often continued in the following minutes, and the quotient 
may reach astonishingly low values. In one subject (R. E.) the quotient 
varies in a different manner. Though the working value in the first 
experiment is 1-40, the quotient rises after work to 1-50 and then in 
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a few minutes it decreases to the subnormal value -385. In the second 
experiment the working level of the quotient was exceptionally low, 
only -635, and was after work raised to -86. 

In accordance with the high respiratory quotient during work the 
alveolar CO, tension was often extremely low, in some experiments 
below 20 mm. Hg.; when ee ceases, it rises suddenly to about the 
resting value. 


SuMMARY. 


The changes in respiration brought about by muscular work only 
gradually return to the resting level, when work is stopped. 

The oxygen deficit caused by the lagging behind of the oxygen 
absorption in the first minute or minutes of work is not compensated 
during work but may bedetermined quantitatively, when work hasceased. 

When heavy work has ceased, the respiratory quotient rises, often 
far above unity, and the increase is continued during about one minute 
and a half. The quotient then decreases in some cases to subnormal 
values. The initial rise may be due to washing out of CO, caused by 
fixed acids in the blood. 

The changes in respiration taking place after electrically induced 
work are on the whole similar but much more — than * 
following voluntary work. 


* 
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Prorocots or REPRESENTATIVE EXPERIMENTS. 


II. Induced work. 
Metabolism Alveolar 
* Respiratory tension Pulse- 
quotient 9% rate 
IV. 18. v. 15. K Duration of work, 19-5 min. 
Rest — — — — 204 935 4-78 70 
Work 
—1•˙5 619 55-4 1118 1075 933 1-15 2-51 96 
+23 8-20 17-5 468 209 360 58 4-87 
+47 8-41 18-3 460 213 336 635 4°83 75 
V. I. v. 18. H.P. L. Bergonié. Duration of work, 14 min. 
Rest ~ — — — 22 80 6˙24 
Work 


14 42-2 20-5 2060 1500 1540 975 457 
+ 6 2645 21-6 1225 965 990 9715 493 96 
+18 13-8 16-9 815 471 438 1075 5-00 72 
+49 10-1 16-7 — 605 296 318 935 481 


VIII. 14. v. 15. J. L. Bergonié. Duration of work, 23 min. 


— 6 61-1 23-95 2552 1490 1310 1-12 3-15 118 
+ 6 23-5 145 1613 692 720 96 

+2°5 6-20 7-05 879 195 303 645 

+57 6-28 7-45 841 203 329 62 


X. 26. v. 16. J. L. Bergonié. Duration of work, 26 min. 


— 8 51-8 22-0 2350 1420 1365 1-04 3-35 110 
+10 12-9 9-7 1330 478 664 72 4-70 
+28 9-03 7-95 1137 306 408 75 4-48 
+50° 788 + #£=‘%82 960 266 322 825 459 
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THE EFFECT OF INJECTION OF GUANIDIN ON THE 
CREATIN-CONTENT OF By GEORGE M. 
WISHART. 


(Prom the Department of Physiology, University of Glasgow.) 


AccorDING to the theories of Knoop!) and Neubauer, creatin is 
formed in the body by the methylation of glycocyamine, which has 
been produced by the oxidation of arginin, through the intermediate 
stage of guanidin-butyric acid. The methylation of glycocyamine to form 
creatin has been demonstrated by various workers. J affé(), in a series 
of five experiments on the rabbit, showed that feeding with glycocy- 
amine gave rise to an increase in the creatin-content of the muscles. His 
experiments were few in number, however, his results somewhat variable, 
and, in two of the experiments, doubtful. Dorner(4), using the more 
recent method of estimation devised by Folin, showed that glycocy- 
amine added to autolysing muscle increased the content of creatin, a 
result which was fully confirmed later by Palladin and Wallenburger 
(5). They also found that the muscles of a series of rabbits injected 
. subcutaneously with glycocyamine showed a higher creatin-content than 
a series of controls. Mellanby (6) failed to confirm these results. On 
feeding two batches of chicks with glycocyamine he obtained an increase 
in one batch but none in the other. Thompson(7), experimenting on 
rabbits, and taking precautions to eliminate differences due to changes 
in water-content, found the muscular creatin increased after the intra- 
venous injection of glycocyamine. 

With regard to the formation of creatin in the muscles after the 
injection of guanidin itself, no work, so far as I am aware, has been 
recorded, except one experiment by Thompson(s). His experiment 
was performed on a duck, giving · 25 gm. guanidin carbonate along with 
the same quantity of paraformaldehyde resulting in an increase in 
creatin-content of about 51 p.c. above the normal. 

Attempts by Jaffé, Dorner, Pommerenig(®), and Ache lis do, 
to show an increased creatin-creatinin excretion in the urine after the 
injection of methy]-guanidin, led to no conclusive results. Riesser(11), 
also, could find no increase in urinary creatin after the injection of either 
guanidin or methyl-guanidin. 
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It has been suggested by Mellanby«2) that the disturbances in 
oreatin metabolism after glycocyamine feeding are due, not to its 
methylation, but to the toxic conditions produced by its administration. 

Some time ago, experiments were undertaken by Professor Nos! 
Paton, in which various animals were injected with guanidin sulphate 
or guanidin carbonate.. It was suggested to me by him that estimations 
of the creatin-content of the animals’ muscles before and after injection 
might be made, with a view of ascertaining whether the guanidin in the 

form of an inorganic acid salt could be transformed into creatin. 
Method. The animal was anesthetised with chloroform and ether. 
The gastrocnemius muscle of one side was removed, a sample of about 
10 gms. taken, and, after having been cut up into small pieces, was 
placed in the amount of sulphuric acid required for hydrolysis. Doses 
of guanidin were then given in such amounts and at such times as are 
detailed in each experiment. When the experiment was completed, the 
animal was killed, the other gastrocnemius immediately removed, and 
treated similarly to the first. In some of the animals decerebration was 
performed prior to removal of the first gastrocnemius, otherwise the 
procedure adopted was exactly the same as above. The creatin was 
extracted and estimated as described by Baumann(i3), potassium - 
bichromate being used as the standard. 


1. Car. 2-02 kilos. Decerebrated ..... * 11.00 a.m. 
Guanidin sulp. 2 gm. 11.57 a.m. 


Killed ‘ 
Neurom sym modera marked. 
Creatin before in * -470 
after injection 
2. Doe. 83 kilos. Anmsthetic commenced... 10.15 a.m. 
Guanidin sulph. 06 gm.  11.30am. 
17 gm. 12.00 noon. 
24 gm. 12.30 p.m. 
39 gm. 1.20 p.m. 
Total 86 gm. 
Killed ood eee 1.30 p-m. 
Neuromuscular symptoms slight. 
Creatin before -324 Total N. before 3-91 7 Cr. N.: T. N. before 2-7 
after 393 after 342% after 3-7 
3. Car. 2˙0 kilos. Decerebrated ... 3.12 p.m. 
Guanidin sulph. 02 gm. | 4.00pm. 
O2 gm. 4.26 p.m. 
-46 gm. 4.40 p.m. 
Total -5 gm. 


5.30 p. m. 
Creatin before 589 Total N. before 4-6 9 Cr. N.: T. N. before 4-11 
after 238 7 after 4-67 8, after 439% 


27 
. 
4 * 
7 
. 
d 
> 
§ 
a 
¢ 
* 
7 
be 


6. M. WISHART. 
4. Hxx. kilos. Anssthetio commenced... 11.18 a.m. 
Guanidin sulph. 03 gm. 11.38 a.m. 
gm. 11.50 a.m. 
Total -06 gm. 
Killed 12.00 noon. 
Neuromuscular symptoms marked. 
Creatin before No muscle taken. 
after 643 9% 
5. Hen. Anesthetic commenced... II. 20 a.m. 
Guanidin -26 11.45 a.m. 
02 11.46 m. 
12 gm. 11.50 a.m. 
‘11 gm. 12.02 p. m. 
O2 gm. 12. 10 p.m. 
5 o. o. very 
12.20 p. m. 
Killed 12.40 p. m. 


Creatin before Flask cracked and muscle charred. 


after 620 9% 


6. Car. 1°76 kilos. Decereb ratet 


No guanidin given. 
Killed _... eee 


Creatin before 340 % 
after 333 9% 


10.20 a.m. 


7. Hex. 1-9 kilos. No guanidin given in this case. 
Hen probably dead some time before second 
gastrocnemius removed. 


Creatin before -460% Total N. before 411% Cr. N 


after 426 9% after 439% 
8. Hew. 1-81 kilos. Anwsthetic commenced... 10.50 a.m. 
Guanidin carb. I gm. 11.00 a.m. 
11.20 a.m. 
= -2 gm. 11.30 a.m. 
Total 
12.15 p.m. 
Neuromuscular slight. 
Creatin before -522% Total N. before 418% Cr. N.;: T. N. before 3-99 % 
after 672 % after 426% 
9. Dog. 7-0 kilos. Anssthetie commenced... 11.00 a.m. 
Guanidin carb. 5 gm. 11.30 a.m. 
Killed _... „ 12.35 p.m. 
Neuromuscular symptoms marked. 


Creatin before -440% Total N. before 468% Cr. N.: T. N. before 301 0% 
after 463 9% 
Average of 2 exps. 


after 464 90 


„: T. N. before 36% 
after 312 % 


after 505% 


after 322 9% 
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It will be seen from the above experiments that, in all cases in which 
guanidin was given, there was a rise in the percentage of creatin found 
in the muscles; and in the two for which normal muscles were not 
available, the results were well above the highest figures given in Folin 
and Buckman’s paper on the creatin-content of muscles of various 
animals 00. Further, from the total nitrogen estimations recorded in 
Exps. 2, 3, 8, and 9, it may be concluded that the creatin increase is 
absolute, and not an apparent one due to changes in water-content. 
Below, evidence will be given to show that the injection of guanidin has 
little, if any, effect on the water-content of muscle. 

A summary of the increases obtained and the respective doses per 
kilogramme-weight is given below: 


Exp. Animal Dose per kilo. Creatin increase 
Cat * 05 
Experimenis on Frogs. 


A few experiments were undertaken on frogs. A dose of 2 0. C. of a 
1 p.c. solution of guanidin carbonate (20 milligrams dry guanidin car- 
bonate) was injected into the dorsal sac of each frog. All the muscles 
dissected off from both hind-limbs of two frogs were used in each experi- 
ment. This, as well as furnishing a sufficient amount of tissue for accurate 
creatin estimation, eliminated variations in creatin-content between 


individual muscles, and also, to a certain extent, between the muscles 


of individual frogs; hence the results obtained are fairly constant. 

The method used for extracting and estimating the muscle creatin 
in these experiments was that of Folinds) a slight modification being 
made to allow of potassium bichromate being used as the standard. 


Non-injected frogs Frogs injected and killed 1 hour later 
331 % 


The frogs used in this experiment had just arrived at the laboratory, were in good 
condition, and those injected showed marked symptoms. 

As the rise in creatin-content might have been an apparent one due 
to abstraction of water, the water-content of the hind-limb muscles of 
two non-injected frogs was compared with that of two injected frogs 
with the following result : 

Non-injected Injected and killed 1 hour later 
80-08 % 81-52 % 
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Further, one experiment was performed in which the creatin esti- 
mations were made in one hind-limb from each of four frogs, the water- 
content being determined in the other four hind-limbs. 


_Non-injeoted Injected 
Creatin Creatin Water 
+322 % 80-86 % 338 % 80-35 % 


The frogs used in this experiment had been kept longer in captivity and, consequently, 
were in a much poorer state of nutrition than those used —— 
The dose given was only 15 mgms. 


The rise in creatin-content might be considered to be due to the 
alkalosis produced’ by the injection of such a strong base as guanidin. 
Estimation of the muscle creatin of frogs after the injection of 2 c.c. of 
a 1 p.c. solution of pure sodium carbonate (20 mgm. sodium carbonate) 


was made. 
Non-injected Injected and killed 1 hour later 
309 9% 319 % 


CoNnCLUSIONS. 


Guanidin administered intravenously or subcutaneously in the form 
of an inorganic salt increases the creatin-content of the muscles. 

The increase is not an apparent one due to changes in water- 
content. 

The increase is not altogether, if at all, due to the accompanying 
alkalosis. 

The increase varies with the dose administered. 

The main results of these experiments were communicated by 
Professor Nohl Paton in his Presidential Address to the Physiological 
Section of the British Association at Bournemouth in September 1919; 
and, partly upon them, he based the theory that creatin is probably 
formed from guanidin as a detoxication product. It may be that the 
reaction is a reversible one, and that the creatin may yield guanidin 
when this is regressive, 


In conclusion I should like to acknowledge my indebtedness to Prof. 
Noél Paton for guidance and help in carrying out the work. I am also 
indebted to Dr Burns for injecting the frogs. 


: The expenses were defrayed by the Carnegie Trust, to whom also 
my thanks are due. 
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Note by D. Noél Paton. 


Since giving my address in September I find that Achelis, in 1906 (Zeitech. physiol. 
Chem. 50, p. 16), made a similar suggestion as to the origin of creatin. 
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NON-MEDULLATED FIBRES IN THE SPINAL 
GANGLIA. By MARGARET E. WILSON. 


(From the Anatomical Laboratory of the Northwestern University 
Medical School l.) 


WINIFRED PARsOxs in a recent communication to, suggests that the 
fibres in the spinal ganglion, described as non-medullated by S. W. 
Ranson in 191200, are not nervous in nature but are neuroglia. She 
used Ranson’s pyridine- silver method and the acid fuchsin connective 
tissue stain. Her results with the latter were negative, leading her to 
believe that the fibres described were not connective tissue fibres. Her 
conclusion that the fibres were neuroglia rather than non-medullated 
fibres was based upon the observations that the fibres are “inconstant 
in number in different nerves, and in different parts of a nerve. They 
are numerous in the posterior root ganglia and decrease in the posterior 
roots toward the spinal cord and in the distal part of the nerve trunk 
near the ganglion. They occur at times in the anterior roots. They are 
smaller in the rat than in the cat, and a similar difference occurs in the 
two animals in the neuroglia fibres of the pituitary body, of the sub- 
stantia gelatinosa around the central canal and of the filum terminale.”’ 

Apparently no one before has suspected the presence of neuroglia in 
the spinal ganglia and there is no mention of its occurrence here in the 
reference books or in the literature so far as we have been able to 
determine. Since Mrs Parsons does not claim to have demonstrated 
the presence of neuroglia fibres by the use of a specific stain, it occurred 
to us that the use of such a stain might determine, definitely, the 
presence or absence of these fibres within the spinal ganglia. We 
made use of the most successful neuroglia methods, the Weigert, the 
Mallory and the Kingery modification of the Benda technique(5). 
The material consisted of spinal ganglia and small pieces of spinal cord 
taken from freshly killed cats. In each case a section of cord was treated 
in parallel with a section of ganglion. To make this parallel treatment 
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exact, the paraffin method of imbedding was substituted for the 
celloidin method. In this way, a section of cord and one of ganglion 
were mounted upon a single slide making impossible a difference in 
their treatment. Sections of both 8 and 10 micra were used with similar 
results. 

As ». result of this work we obtained with each of these methods, in 
the sections of spinal cord, excellent specimens of neuroglia fibres and 
neuroglia cells standing out clearly with a blue stain against a back- 
ground of nervous tissue, which was destained or which had a slightly 
pinkish coloration. In the spinal ganglia, however, there was no indica- 
tion of either neuroglia fibres or neuroglia cells. The homogeneous pink 
colour of the nervous tissue was broken only by the stain in the capsule 
cells, the chromatin of the nuclei of which stained with blue. There was 
no indication of any other supporting tissue than these capsule cells 
and the destained connective tissue. 

Beyond these direct results, pointing to the absence of neuroglia in 
the spinal ganglia, it also may be noted that the Golgi technique has 
been considered an impregnation method for neuroglia as well as for 
nervous elements. In fact, a great difficulty in the use of the Golgi 
method has always been the obscuring of nervous element by the 
impregnated neuroglia. If, then, neuroglia elements are present in the 
spinal ganglia, is it not justifiable to conclude that they probably 
would have been recognized by the workers who used the Golgi method 
in their investigations on spinal ganglia? Cajal, Van Gehuchten, 
Von Lenhossek, Retzius, Spiralis and Disse have all worked on 
the spinal ganglia with the Golgi method. Yet none of these investigators 
mentioned the occurrence of neuroglia within the ganglia. 

With the use of methylene blue both Cajal(1) and Dogiel() have 
demonstrated non-medullated fibres in the spinal ganglia. They show 
these fibres as axons of the small cells. That these cells are present in 
large numbers was shown by Hatai(4) who calculated them in the adult 
rat at approximately 60 p.c. of the total number of the nerve cells in 
the ganglion. That the fibres are numerous may be seen from their 
great wealth in Dogiel's illustrations. The fine black fibres revealed by 
the pyridine silver method have also been shown to arise from the small 
cells of the spinal ganglion and to divide dichotomously into central and 
peripheral branches just as do the non-medullated fibres brought out 
with methylene blue(7). They exactly resemble in size, contour and 
staining reaction the fine non-medullated axons which are differentiated 
by this same method in the sympathetic ganglia (1). Exactly similar 
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fibres are present in the sciatic and other spinal ner ves at great distances 
from the spinal ganglia, and since these degenerate along with the other 
nerve fibres in the distal portion of a divided nerve they cannot belong 
either to neuroglia or connective tissue (8). It is clear that they are 
nerve fibres and have their cells of origin in the spinal ganglion(7). 
Traced in the other direction these fibres may be seen entering the dorsal 
roots. 

The fact, which Mrs Parsons mentions, that the fibres decrease in 
number in the posterior roots toward the spinal cord, means nothing. 
Anyone who has worked with the pyridine silver method is aware that, 
in tracing ‘the fibres from the ganglion into the root, they gradually 
disappear. But, also, it is a fact, that to get a satisfactory stain by this 
method, one must have a block of tissue of adequate size. The fine 
radicles into which the root breaks are unsuited for the method. But as 
soon as the root passes the pial sheath of the cord, and the radicles 
become imbedded in the large mass of the spinal cord, the fibres stand 
out clearly in the entering root bundles(7). That a very small piece is 
not suited for this technique may be demonstrated by the fact that 
small nerves of the sympathetic system will not stain by this method 
if treated by themselves; but, if first imbedded in a piece of fresh spinal 
cord, the fibres in the nerves are readily impregnated with silver (11). 

Thus, although the fibres are not easily demonstrated in the isolated 
filaments of the dorsal root, they nevertheless do run through the root 
into the spinal cord. As the small radicles enter the cord the fine black 
fibres are again well differentiated. Here they separate from the majority 
of the medullated fibres and run through the lateral division of the 
dorsal root into the tract of Lissauer. This tract is composed predomi- 
nately of the fibres under discussion mingled with a much smaller number 
of fine medullated fibres. Upon cutting the dorsal root proximal to the 
ganglion, these fibres in the tract of Lissauer degenerate and disappear 
(9, 10). This would not occur if the fibres were of neuroglia nature. 

That the fibres occur, at times, in the anterior root is not surprising, 
for undoubtedly there are a few non-medullated fibres in the anterior 
roots, representing postganglionic fibres from the sympathetic ganglia 
for distribution to the meninges. 
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SuMMARY. 


The treatment of spinal ganglia by specific neuroglia stains does not 
bring out any neuroglia elements in the ganglia. This result is in accord- 
ance with the absence of description of neuroglia in the previous accounts 
of the structure of the ganglia. 


In consequence, and in addition to other reasons, the theory that 
the non-medullated fibres found by Ranson in spinal nerve and nerve 
roots are neuroglia fibres is unfounded. 


I wish to thank Professor Ranson for calling my attention to this 


problem, and for very kind assistance throughout the course of the 
work. i 


(1) Cajal Anat. Hefte, 16. p. 77. 1906. 
(2) Chase and Ranson. Journ. Comp. Neur. 24. p. 531. 1914. 
| (3) Dogiel, A. 8. Der Bau der Spinal Ganglien des Menschen und der 
Jena. 1908. 
(4) Hatai. Journ. Comp. Neur. 12. p. 107. 1902. 
(5) Kingery. Anat, Record, 11. p. 289. 1916. 
(6) Parsons, W. Journ. of Physiol. 53. p. 135. 1919. : 
(7) Ranson. Journ. Comp. Neur. 22. p. 159. 1912. 
(8) —— Ibid. 22. p. 487. 1912. 
(9) —— Ibid. 23. p. 259. 1913. 
(10) —— Ibid. 24. p. 581. 1914. 
) _ (11) Ranson and Billingsley. Ibid. 29. p. 313. 1914. 
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For thirty years d) the réle played by the pulmonary epithelium in the 
process of respiration has been a matter of controversy. The literature 
of the earlier phases of the discussion is so well known that it is unneces- 
sary to give it in any detail here. It will be found in Bohr’s article 
on “ Respiration” in Nagel’s Handbuch, in Krogh’s papers in Vol. 23 
of the Skand. Archiv, or in the Respiratory function of the Blood (2). 
Especially with regard to the passage of oxygen through the lung wall, 
there were two views: (1) that the oxygen passed by diffusion, (2) that 
it was transferred by a secretory process depending on the expenditure 
of energy on this part of the lung-cell. 

Between the years 1910-1912, however, the controversy assumed a 
new phase. On the one hand the series of papers by Krogh() seemed 
to show conclusively that, in the resting rabbit, diffusion alone would 
account for the transference of oxygen from the alveoli of the lung to 
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the blood; on the other hand Haldane and his school took up the 
position that secretion was only brought into play when the organism 
was in some special need of oxygen. Such need would, in general, arise 
from one or both of two main causes: (1) increased oxygen demand on 
the part of the person, e.g. during exercise(4), and (2) a continuous 
condition of reduced partial pressure of oxygen in the alveoli of his 
lung (5). To these may be added a third, of an artificial character, namely, 
the partial saturation of the blood with CO ( which causes reduced 
oxygen carrying power of the hemoglobin. 

The object of the present research was to test the e of oxygen 
secretion. If, as was alleged by Haldane and Douglas, the oxygen pres- 
sure in the alveolar air is, under conditions of oxygen want, lower than 
that in the arterial blood, the secretory theory may be regarded as proven. 
If, on the other hand, the pressures of oxygen on the two sides of the 
pulmonary epithelium are approximately equal, the question arises: will 
diffusion account for the quantity of oxygen which experiment shows 
must pass into the blood in a given time? 


1. GENERAL CONDITIONS AFFECTING THE EXPERIMENT. 


The general scheme of the experiment was as follows. The subject of 
the experiment was exposed to anoxemic conditions for six days. The 
anoxeemia was produced by a reduction in the partial pressure of oxygen; 
for this purpose he lived in a glass chamber in which the percentage of 
nitrogen was gradually increased till the partial pressure of oxygen 
sank to 84 mm. On the evening of the sixth day, a comparison was 
made between (a) the amount of oxygen in the blood as taken directly 
from the radial artery without exposure to air, and (ö) the amount of 
oxygen in the same blood after it had been shaken with the alveolar 
air of the subject. The comparison which was made with the subject at 
rest was repeated whilst he was taking exercise. The quantity of exercise 
was measured. Had the arterial blood as withdrawn directly from the 
artery contained more oxygen than appeared in the same blood when 
shaken up at body temperature proof would have existed of oxygen 
secretion. 

(a) The duration of the anovemia. In planning an experiment one 
fundamental point to be considered is: How long must the organism be 
subjected to anoxemic conditions in order to establish the secretion. 
It was alleged by Haldane and Douglas, for instance, with regard to 
the effect of diminished partial pressure of oxygen that “After two or 
three days on the Summit (of Pike’s Peak), O, pressure = about 97 mm., 


7 
* — 
‘ * . 
J 
ve 4 
te 
4 
2 
4 
‘ a 
* 
a 
* 
7 
7 
i] 
‘ 
4 
4 
2 * 
bi 


452 BARCROFT, COOKE, HARTRIDGE, T. AND . PARSONS. 


very distinct signs of acclimatisation began to show themselves. . . after 
acclimatisation, the resting arterial oxygen pressure had risen to 35 mm. 
above the alveolar oxygen pressure, whereas at or near the sea-level the 
resting arterial oxygen pressure is no higher than the alveolar oxygen 
pressure. The raising of the arterial oxygen pressure is due to the 
secretory activity ‘of the cells lining the lung alveoli and is a most 
important factor in acclimatisation.” With regard to the “two or three 
days” it may be noted that the only case—that of J. E. F.—in which 
observations were made on the date of arrival showed a 

of oxygen in the blood 7 mm. in excess of that observed in the alveolar air. 


In the case of secretion brought about by muscular work, however, 


the onset of the phenomenon is said to be much more rapid. So far 
from requiring two or three days “oxygen secretion” was well estab- 
lished in from 20 minutes to an hour's exercise. Thus an amount of work 
which doubles the oxygen intake, according to Haldane and Douglas 
raised the oxygen pressure in the blood to an average extent of 32 mm. 
above that of the alveolar air, whilst in the same series of experiments 
the inspiration of air richer in oxygen than that of the summit of Pike’s 
Peak produced active secretion within less than an hour. In the inspired 
air the oxygen pressure was stated to be 1001 mm., in the alveolar air 
501 mm., and in the arterial blood 121-6 mm. In other words even 
though no exercise was taken an excess of pressure of 70 mm. was set 
up in less than an hour. 


Reviewing the evidence as to the time taken, and the work required 


to ensure oxygen secretion if it really existed, an experiment on the 
following lines appeared to be adequate. The subject should be exposed 
to a low oxygen pressure for six days. In order that he might become 
thoroughly acclimatised the oxygen pressure at first might be of the 
order of 130 mm., gradually falling day by day until, in the last three 
days it sank to a level corresponding to the altitudes at which oxygen 
secretion has been said to occur. This altitude corresponds roughly to 
100 mm. Such an experiment should produce oxygen secretion even 
at rest, but if exercise, sufficient to double the normal oxygen consump- 
tion were to be taken under such circumstances, the secretion should be 
very marked. 

(b) The maintenance of anoxemic conditions. In many ways the 
best method of subjecting oneself to anoxemic conditions for a con- 
siderable time is that of going to some high altitude to dwell. This 


* The above pressures are only approximate, it being assumed that the height of the 
barometer was 760 mm. 
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course has several disadvantages. There is no properly equipped labora- 
tory at an altitude of much over 15,000 feet. Even the Margherita Hut 
is but an improvisation as compared with a modern physiological 
laboratory. Moreover at such places there is usually a certain amount 
of indigestion, sometimes constipation, sometimes diarrhoea, usually 
extreme cold. It is therefore open to dispute how far such symptoms 
as headache are due to disorders not directly connected with anoxemic 
conditions, The present research was carried out in a respiration chamber 
made of glass, situated in the laboratory, so that every sort of conveni- 
ence waa accessible. The actual chambers will be described in a subse- 
quent paper. Here it need only be said that a gradual reduction in oxy- 
gen pressure was produced by blowing nitrogen into the chamber from 
time to time, that the carbonic acid and aqueous vapour were removed 
by scrubbers, that the diet was normal and that the movements of the 
bowels were also normal. The arterial pressure of the subject varied 
from 120 mm. on the day of entering the chamber to 105 mm., but was 
usually 110 mm. The body temperature did not rise above 99° F. till the 
last day of the experiment on which it was 100-4 F. Sleep at night was 
usually light and disturbed. Cyanosis was never a very pronounced 
feature. . 

The carbonic acid scrubbers were more efficient at the end than at 
the beginning of the experiment; during the last 48 hours the carbonic 
acid pressure varied from 3 to 5 mm. 

(c) The degree of anoxemia produced. A statement of the composition 
of the air aimed at was given under heading (1). Here something may 
be said about the extent to which these conditions were fulfilled. A 
complete list of the analysis of the chamber air is unnecessary; when 
difficulties arose analyses were made from hour to hour. When things 
went smoothly, as they did on the last two days of the experiment, 
only the routine analyses were made, namely one between 8.30 and 9 
a. m., one about 2.30, one between 8.30 and 9 p.m., and, if the subject 
was awake, one about 2.30 a.m. These analyses were all made in the 
chamber by the subject himself in the smaller (10 c. c.) type of Haldane’s 
gas analysis apparatus. Usually the first analysis in the morning was 
that which gave least oxygen. The opening of the food lock and the 
occasional opening of the air lock during the day raised the percentage 
of oxygen. At night nitrogen was put into the chamber and during 
sleep the subject absorbed more oxygen than entered, indeed on several 
nights the oxygen sank by just about the calculated quantity. The 
following table gives the composition of the chamber air. 
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Taste I. Partial pressure of oxygen in the chamber air in mm. of mercury. 


Date February 1 2 3 4 5 6 7 
a.m. — . 194 124 106 99 99. 86 
f a.m. — 135 119 101 108 4 84 
3 p.m. 163 134 124 106 123 91 103 
9 — 132 131 126 92 100 89 87t 


„A cylinder of nitrogen put in at this point. f 6˙30-9 p.m. 


For the sake of comparison a table may be given of the mean partial 
pressure of oxygen at some of the laboratories at which the current 
work on life at high altitudes has been carried out. 


Taste II. 
Altitude Barometric Partial 
(approximate) pressure pressure 
Laboratory feet mm. of oxygen 
8 bab sea-level 760 160 
La Canadas (Teneriffe) 7,000 590 124 
Col d’Olen ... it 10,000 530 111 
Teneriffe (Summit) 12,000 495 104 
Monte Rosa (Capanna Margherita 5,000 

— 18,000 398 84 


The lowest partial pressure of oxygen which was attained in the 
present experiment (84 mm.) corresponds to a greater degree of anox- 
emia than might be expected to take place at any of the laboratories 
mentioned in the above table. For the last four days the partial pressure 
of oxygen was almost continuously lower than that at the summit of 
Teneriffe. 


2. METHODS OF DETERMINING THE OXYGEN IN THE BLOOD. 


It was our wish that our results should as far as possible be dependent 
upon no one method, but that they should depend for the determination 
of each principal factor on at least two quite different methods, and we 
were not satisfied unless the methods showed a reasonable degree of 
agreement. For the measurement of the oxygen in the arterial blood 
therefore we used (a) the blood-gas pump and (b) the differential blood- 
gas apparatus. Apart, however, from the general desirability of being 
independent of any one method there is a particular reason in the case 
of the measurement of the oxygen in arterial blood, for the procedure 
which we adopted. Great stress has been laid by Haldane and 
Lorrain Smith(6) and more recently by Haldane and Douglas(4) 
on the possibility of self-reduction in the blood. They held that a direct 
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determination of the percentage saturation of arterial blood was value- 
less in the present connection because the blood during the process of 
analysis reduced its own hemoglobin in some degree, and therefore the 

tage saturation as shown by the analysis was less than that 
when the arterial blood was leaving the Jungs. This matter is funda- 
mental; for if it is true it vitiates not only the present experiment, but 
also others, such as those recently performed by Stadie on the oxygen 
present in the arterial blood of patients. In fact the whole arterial 
puncture technique which seems so hopeful would be inadmissible as a 
nieans of obtaining blood for gas analysis, were the statements made 
by these authors found to be a true representation of the facts. 

There are two quite distinct phenomena involved in the self-reduction 
of the blood. The first is the graduai use of oxygen which occurs in blood 
as in all living tissues. This has been the subject of many researches of 
which the principal ones in recent years have been those of Warburg(’), 
Morawitz(8), Douglas and Kroghii0). These authors are all agreed 
on the principal facts so far as they concern the present research, namely 
that in man normally (i.e. free of anemia) the self-reduction is a very 
slow affair. By Krogh it is stated in the rabbit at the body temperature 
to be 10-50 c.c. of oxygen per kilo. per hour.” The analysis in our 
experiments took about half-an-hour. The above figures would therefore 
be reduced by half, or would give a maximal reading of 25 c.c. per kilo. 
of blood. A kilo. of blood contains just under 200 c. c. of oxygen so that 
the reduction in the percentage saturation of rabbits’ blood at 38° C. 
might be as much as 12 p. c. or as little as 2-5 p.c. Douglas however 
has shown that rabbits’ blood reduces itself much more rapidly than 
human blood, and in any case the temperature at which our analysis 
took place was not 38° C. as in the above experiments but 12°C. It 
was improbable therefore that this type of reduction would have any 
effect, but it could not be altogether neglected. 

The second possible factor in self-reduction is that of the presence of 
an actual reducing substance which may be conceived of as produced 
in the tissues owing to incomplete local oxidation. Such a substance 
would be carried by the venous blood to the chest and, after coming 
into contact with the oxygen in the arterial blood, be oxidised at the 
expense of the hemoglobin. The expérimental evidence for reduction of 
this type is largely that adduced by Pfliiger@); the stress which has 
been laid upon it may be gathered from the following statement: “ As 
is well known, Pflüger found, by a series of extremely careful and 
probably very accurate experiments, that a rapid process of this kind 
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does occur in arterial blood. “To investigate this change quantitatively 
he constructed a pump with a specially large vacuum of 8 litres capacity 
and compared the amount of oxygen obtained by means of it with that 
which could be extracted from blood by the ordinary much slower 
method, with a vacuum of three litres capacity. The table of results 
here quoted indicates that on the average he obtained from 100 c.c. of 


blood by the rapid method 2 c.c. of oxygen more than by the ordinary 
method.“ 


Tant III. Percentage of oxygen obtained from arterial blood (dog) (Pflüger). 
Vacuum 


Large 23-4 25-0 24-3 23-7 21-0 21-8 21-7 21-2 21-0 18-7 19-1=243-8. Mean 22-16 
Small 22-7 24-3 22-0 21-6 12:1 200 20-9 184 20-8 180 183=2220. „ 20-18 


Whilst it is true that the mean difference in the above figures is 
about 2 c. c., the fifth estimation contributes a quite disproportionate 


amount towards this mean, it and the eighth comparison are the only 


two in which the difference between the large and the small vacuum 
bloods are over 2 c.c., whilst in six of the eleven comparisons the differ- 
ence is under 1 c.c. Nevertheless in all of them it exists. 

Two ways of meeting the difficulty presented by possible self- 
reduction presented themselves. 

(a) To make the analysis of the arterial blood in a large vacuum as 
Pflüger had done, getting the oxygen off very rapidly, before self- 
reduction had time to take place. Such an analysis should, according to 
Pflüger's researches, give the full quantity of oxygen in the arterial 
blood; moredver, if this analysis agreed with determinations made by 
the differential apparatus, from blood taken at the same time, self- 
reduction might be ruled out as a factor affecting the experiment. 

(6) A special experiment capable of testing self-reduction in another 
way may be carried out as follows. If the subject of the experiment 
breathes oxygen, say from a Douglas bag, his alveolar air will contain 
a partial pressure of oxygen of over 650 mm. At such a pressure his 
hemoglobin should be within the limits of analytical errors 100 p.c. 
saturated with oxygen in the lungs. This state should be established in a 
few seconds. Consider the subject’s condition after 20 seconds’ oxygen 
respiration—while the blood in his radial artery should have been fully 
saturated in the lung, it will have come to the lungs from the tissues 
fully laden with whatever reducing substances are available, for on 
its last journey through the lungs more than half a minute previously, 
the oxygen breathing had not commenced. The more anoxemic the 
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conditions previous to the commencement of the oxygen respiration the 
greater the presumption of the presence of reducing substances in the 
venous blood. If therefore there are no reducing substances, analysis 
of the blood taken directly from the radial artery 20 to 30 seconds after 
the commencemént of oxygen respiration should show a saturation of 
100 p.c. If there are reducing substances their measure would be the 
deficit between complete saturation and the quantity of oxygen actually 
found. 

At the risk of anticipating, it may be said that both the above 
methods were tried, and in each case with the result that there was no 
evidence of self-reduction sufficient to vitiate or indeed to alter appre- 
ciably the results of direct analysis. | 

The oxygen-breathing test (see protocol) was the last item in the 
experiment; the subject had been working on the bicycle ergometer for 


37 minutes and breathing continuously air containing a partial pressure 


of 87 mm. of oxygen; nevertheless 20 seconds after oxygen was breathed — 
the blood from the radial artery was found to be fully saturated with 
oxygen and was of the same composition as a control sample of blood 
exposed in a tonometer at body temperature to an atmosphere similar 
in composition to the alveolar air during the oxygen respiration. 
Taste IV. Percentage saturation of arterial blood with oxygen during the 
20th-30th seconds of oxygen respiration. 


Oxygen in control blood exposed to 
the following atmosphere: : 
Oxygen in blood from radial artery O. =700 mm. CO,=30 mm. H, O =47 mm. 
99-5 101-2 
102.3 100-9 99.5 | 


The above analyses were made by the Barcroft(12) differential 
apparatus for 1 c.c. of blood as described below. 

The comparison between the rapid pump analysis and that made 
by the slower differential apparatus came out as follows: 


Taste V. Percentage saturation of blood from radial artery (subject working and 
breathing atmosphere of 87 mm. partial pressure of oxygen). 
Bleeding directly into pump with chamber 


of 10 litres capacity By 8 apparatus 
83˙2 (series 1 84:1] oo. 
— 921 83-8 


The results given by the pump, and those given by the differential 
apparatus agree very closely, probably the difference is within the 
region of experimental error; in any case the difference represents not 
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more than 0-3 c.c. oxygen per 100 of blood instead of 2 c.c. as deduced 
from Pflüger's experiments. 

The question naturally arises in the face of our determinations, how 
did Pflüger obtain his results? The solution is probably one involving 
rather close consideration of blood-gas technique, which is in many 
ways more advanced now than in Pfliiger’s day. The complete ex- 
haustion of a large vessel in a short time is an impracticable task. There 
is in practice always some residual gas left in the vessel due to air 
adhering to the surface, etc. A residual pressure of but one-tenth of a 
millimetre of residual gas would mean that in ten litres over 1 c.ct of 
air or -2 C. c. of oxygen was left in the flask. In the case of the present 
experiment a small quantity of hydrogen (about 3 c.c.) was put into 


the flask and pumped out again to wash out the residual air both before 


and after the liberation of the blood gases, but even so, there was more 
‘nitrogen in the gases which were ostensibly carried by the blood than 
the calculated quantity. Every cubic centimetre of nitrogen over ‘and 
above the calculated amount, argues 0-27 c.c. of oxygen which should 
be deducted from the gross quantity of oxygen obtained, in order to 
arrive at a correct reading of the oxygen carried by the blood. The fol- 
lowing is a complete statement of the way in which we obtained our 


final figure for the oxygen in the hemoglobin. The gases Saati from 
the blood were as follows: 


Taste VI. 
gus in Haldane app analy hy N. =3°35 e. o. 
with oxygen „ 1. — 3-10 „ 
The oxygen was corrected as follows: 
Taste VII. 
Gross oxygen 14-04 c. e. 
Gross nitrogen — <u 235 0. o. 
N, in solution in 84 c.c. of blood at 38°C. and 630mm. 0-90 „ 
N, due to air in a tus 512 2 ese „ 245 „ 
every c.c. of above deduct from oxygen 27 C. c. 
= 2-45 0-65 0. e. 
Oxygen pumped 13-39 0. c. 
Oxygen in 84 of blood at 38° 
and 4 20 ” 
Oxygen attached to hemoglobin bua . 13-19 „ 


The accurate correction of the gross figures would have been im- 
possible to Pflüger since the coefficients of solubility of the oxygen 


and nitrogen respectively, on which they are largely based were not 
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known exactly. The coefficients which we have used were those deter- 
mined by Bohr (Nagel's Hdb. 1, p. 63). It is probable that the dis- 
crepancy between the quantities of oxygen obtained by Pfltiger from 
blood in the large and small vacua is merely the expression of the 
greater amount of residual air left in the larger vacuum. 

The above calculation gives the quantity of oxygen united with the 
hemoglobin. It remains to explain how the total oxygen capacity of 
the blood in the pump was determined. This was done colorimetrically 
as follows: 

The total oxygen capacity of a sample of ox blood was very carefully 
determined with ferricyanide. The following were the quantities of oxygen 


in blood measured from two specially calibrated pipettes. 


Tasze VIII. 
Oxygen in | c.c. ox blood 0-183 c.c. 0-192 0-190 
0-191 ,, 0-193 


A series of colorimetric determinations were then made between 
the ox blood and the blood in the pump so that on the assumption that 
the oxygen capacity varies with the intensity of the colour, the oxygen 
capacity of the blood in the pump could be determined. 


TaBLE IX 
of blood Oxygen Oxygen Percentage 
ce. 
equivalent in ey capacity Oxygen saturation 
hsemogiobin lec of pumped of blood 
to total of standard hemoglobin from from radial 
Standard blood in pump blood in pump heemoglobin artery 
Series I. 30 obser- 
vations. Ox 83-5 190 15-89 13-19 83-2 
Series II. 10 obser 
vations. 84:8 190 16-11 13-19 82-1 
Series III. Blood 
of subject 778 201 15-65 13-19 84-0 


The observations in the third series were carried out in the same 
way as those in the first two. Instead, however, of starting with ox 
blood as a standard, they were based on some of the actual blood of 
the subject taken just previously to the same which went into the pump 
and defibrinated by whipping. Of the three series the first is the most 
accurate, depending upon by far the largest number of colorimetric 
observations. 

The actual apparatus used for extracting the gases has not yet been 
described. The pump itself and the drying chamber need no special 
description as they are figured in the Physiol. Soc. Proc. (13). They were 
of the Toepler type with hydraulic fittings for raising the mercury. The 
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froth chamber was novel and simple: it consisted of an inverted “bolt- 
head” flask inverted and fitted with a good rubber cork. Through the 
cork went two glass tubes. The first went almost to the top of the 
flask nside, outside it was turned sharply round the mouth, and came up 
parallel to the neck. It was fitted with a piece of rubber tubing of good 
quality armed with a clip. The rubber tube could be attached to, or 
detached from the pump. The second was of wide bore, straight and 33 
inches long and open at both ends. The end outside the flask was kept 
just submerged in mercury. The mercury was in a small mortar on a 
suitable stand. On this tube below the rubber cork of which mention 
has been made there was another rubber 
cork. To it was fitted a wide-mouthed, in- 
verted, bottomless bottle. The bottle was 


performed the double function of sealing 
the flask and boiling the blood. The whole 
apparatus was placed on a table fitted with 
casters so that it could be wheeled from the 
room in which the blood was withdrawn to 
1 — that in Which the pump was assembled. 

By means of the above apparatus, which 
has no taps, the subject can bleed directly 
into the froth chamber. From the cannula 
in the radial artery a rubber tube leads to a 
small glass S-tube. The orifice of this passes 
underneath the mercury and into the lower 
end of the barometer tube of the froth 

* chamber. The whole of this system (the 
cannula, the rubber and the S-tube) was filled with sterile hirudin 
solution. On liberating the forceps on the artery and a clamp on the 
rubber the blood can flow rapidly into the froth chamber, rising through 
the mercury without difficulty if the calibre of the barometer tube is 
sufficiently large. We aimed at taking something short of 100 c.c. The 
actual quantity as determined was as stated above 83-2 c.c. 

Little comment need be made on the technique of the differential 
apparatus, except to say that in the actual determinations of the per- 


centage saturation of the blood from the radial artery potassium ferri- 


cyanide was avoided. The reason for this was as follows. In order to 
make sure that the blood did not clot in the apparatus a small crystal of 
acid potassium oxalate was put into each bottle. The use of potassium 


placed so that when filled with hot water it 
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oxalate however introduces an uncertainty as to the complete laking 
of the blood. In our experiments the fear which we entertained of some 
of the corpuscles not laking was justified by the event. The samples 
from the radial artery were analysed in quadruplicate. One c.c. of blood 
from the 5 c.c. pipette into which the blood was drawn was run into 
each of four blood-gas bottles successively. This procedure tends to 
make a slight unevenness in the results as of course if there is less than 
1 e. c. of blood put into one bottle there is correspondingly more put 
into the next. But the total quantity of blood in the whole four bottles 
was accurately 4 c.c. according to the graduations on the pipette—a 
quantity which according to our calibration corresponded to 4-06 grams 
or 3°83 c.c. of blood. The amount of oxygen absorbed in order to com- 
pletely saturate the blood in each of the four apparatus was then 
measured. The oxygen capacity of the same blood was observed by the 
ferricyanide method but on samples of the same blood which had not 
been treated with oxalate, saponin being used to ensure complete laking. 

As a check on the above procedure, the oxygen capacity of the 
actual blood in the blood-gas bottles was determined colorimetrically. 

The following comparison shows the sort of agreement which there 
was between the oxygen capacity as determined (1) independently by 
ferricyanide, and (2) as determined colorimetrically. 


TaBLe X. Oxygen capacity of blood in blood-gas bottles. 


From colorimetric observations 
uivalent O, cap. O, cap. 
determinations Apparatus blood in apparatus 
O, ca of 1 0. o. of blood (1) turbid 190 —— 
(201 o. c.) x quantity taken (2) 1-005 190 191 
(3-83 O. 0.) 192 0.0. O, per 3) 973 190 185 
0. o. 4) 990 190 188 
mean 
188 


The mean oxygen capacities (-192 c. c. and 188 Cc. c.) as calculated 
by the two methods agree closely as might be expected, whilst the 
variation amounting to about 3 p. c. or. · O3 C. c. in each o. o. shows that 
the quantity of blood run into each bottle was as nearly 1 o. o. as could 
be expected. 
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3. Tun ANALYSES IN THE FINAL STAGE OF THE EXPERIMENT. 


Samples of (1) arterial blood, (2) alveolar air, (3) expired air, were 
obtained under conditions of rest and work. For this purpose either 
the subject had to be outside the chamber or the observers in it. Of 
these alternatives the former was much the most practicable, and was 
adopted. 

The subject was seated on a Martin bicycle ergometer dd). His nose 
being clipped. he breathed the atmosphere from the chamber through 
the mouth by means of a pair of Chauveau valves which were connected 
to the chamber by flexible rubber tubing of wide bore. A T-piece on 
the return pipe to the chamber made it possible to collect the total 
expired air over any noted period by opening a tap leading to a Douglas 
bag hanging from the frame of the ergometer and closing simultaneously 
the tap leading to the main circuit. The volume of air in the bag at 
room temperature and pressure was subsequently determined by passing 
it through a gas meter graduated in litres. A short length of the tubing 
immediately following the expiratory valve had thick soft walls in which 
two holes were punched. Of these, one served to admit the stem of the 
vacuous tube used for the collection of the samples of alveolar air by 
Haldane'sds) method, and was closed by a tightly fitting glass rod 
when not in use; the second hole carried a short length of thick-walled 
capillary glass tubing, which communicated by rubber tubing, also of 
capillary bore, to a Bohr gas sampling tube connected at its lower end 
to a reservoir of mercury. This served for the collection of alveolar air 
according to Krogh and Lindhard’s method de). The whole system of 
the sampling tube and its connections was first filled completely with 
mercury, the lower tap on the sampling tube was then closed and the 
mercury reservoir was lowered and clamped at a level about a foot below 
the closed tap. Meanwhile the respiratory movements could be followed 
by noticing the excursions of the writing lever of a sensitive tambour 
actuated by the changes of pressure in a rubber pneumograph bag 
placed inside the subject’s waistcoat. When a sample of the alveolar 
air was to be taken the lower tap of the gas sampling tube was turned 
so as to connect with the mercury reservoir for an instant each time the 
writing point began to move from its extreme expiratory position. In 
this way about 2 c.c. of gas were drawn from the last portions of 
each of a number of expirations, and when sufficient gas for analysis 
had accumulated in the sampling tube this was disconnected and a 
further one put in its place. 
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The following is the protocol of the acute F 


(the Greek letters refer especially to Table XII): 


Feb. 7. 


7 on radial commenced. 
7.28-7.30. Expired air in Douglas bog 3 No. I. 
approxima a clined to be faint, 2 
ot wit — valves without the invalid through 
p wi 


745-7 Samples of alveolar air, Haldane and s method. 
7.48-7.50. Sample a of blood taken from radial arte artery d 


_7.56-8.30. Interval during which the above samples were so „ 


before work was commenced that the resting data would be obtained. 
8.33. Work on ergometer commenced. 


8.38, 8.43, 8.47, 8.52, Half minute samples of expired air collected into Douglas No. II. 
8.51-8.58. Sam K. — L.’s method. * 


9.2. Sample » air by H. and P. 's method. 

1 ee for analysis by differential method, for hydrogen-ion 

9.4. Fe inserted in radial artery for colletion of sample into cer of pump and 

tubing connected up to same. 

9.6. Artery clipped 
and cannula removed when an amount at about 100 c.c. had been collected. 

9.10. Commenced brea 2 5 No. III, which contained o 

9.10.20-9. 10.30. — 

af 


(a) The operation on the radial artery. Under aseptic precautions and 
local anmsthesia, the left radial artery was exposed for an inch-and-a- 
half, a ligature applied at the distal end and a bull-dog clip at the 
proximal end. A V-shaped incision was made for reception of burette 
or cannula and the artery kept empty under a swab dipped in normal 
saline. When required a burette or cannula was introduced, the clip 
released and the necessary amount of blood withdrawn. The pipettes 
had previously been sterilized by boiling, dried in hot air, and washed 
through with normal saline containing a small quantity of hirudin; 
this had previously been proved sterile. After the withdrawal of the 
last sample of blood, the piece of artery which was opened was excised, 
the ends ligatured and the wound closed. 

(6) The collection of the blood. Samples of human arterial blood for 
gas anglysis were first collected by Barcroft and Cooke(17); the method 
used was that of inserting a cannula into the radial artery—a method 
which while it yielded satisfactory samples, held out the possibility of 
abundant trouble with clots in an experiment lasting two hours. The 
more modern method of arterial puncture seemed likely to fail in two 
respects: (1) we desired to be able to take a sample at any given second 
of time, (2) as much as 100 c. c. in a given sample extending over a few 
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seconds. Experience therefore pointed to the method used by Barcroft 
and Kat ode) and subsequently by Langley and Itagaki(s) of intro- 
ducing a pipette directly into the artery. This was adopted in principle 
but in a somewhat modified form. Instead of a pipette a burette was used. 
The part below the tap consisted of tubing of about 2 mm. boxe and 
sufficiently long to enable the blood to be run out underneath the surface 
of the ammonia in the blood-gas bottles. The conical end when pushed 
- very short distance into the radial artery made a joint sufficiently 
tight to allow of the collection of the blood without escape. The tube 
was bent at an angle of about 60 degrees half a centimetre from the 
orifice. When in position, therefore, the artery being horizontal, the 
main part of the burette rose at that angle from the wrist. Above the 
graduations the burette narrowed, and on the upper end was a piece of 
flexible rubber tubing. The burette was put into the artery with the 
tap open, and the bull-dog was removed from the vessel. The blood ran 
into the burette, and overflowed through the rubber tubing into a 
wide-mouthed glass bottle. When about 20 c.c. had flowed into the 
bottle, the bull-dog was replaced, the tap on the burette closed and the 
burette removed. The excess of blood in the burette was run into the 
bottle, the rest was used as described. The blood in the bottle was 
e at once and set aside on ice. It served (1) for the estimations 
in which blood was exposed directly to alveolar air 
and the percentage saturation determined and (2) for 
estimations of the hydrogen-ion concentration. 

(c) The collection of the alveolar air. The apparatus 
for the collection of alveolar air by Krogh and 
Lindhard’s method has already been described. We 
shall proceed to give the details of the apparatus 
which we adapted to the Haldane and Priestley 

method. Our idea was that the sampling tubes should 
be such that each could also function as a tonometer. 
They were of-30 C. c. capacity, and of the shape shown 
in the figure, the essential points being the conical 
shape at the end and the broad bore of the tAp and 

| its tubing. The orifice was pushed through a hole in 
the rubber tubing just outside the expiratory valve. 

It was so ample in bore that there was no necessity to 

Fig. 2. fill it with mercury. This matter we tested in the 
following way: just before collecting a sample of 

alveolar air the mouth was filled with tobacco smoke which was retained 
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in it till the deep expiration for the collection of the sample was made. 
The first portion of this contained the smoke from the mouth, that from 
the lungs contained no smoke. The glass tube attached to the tap was 
watched carefully during this operation and was seen to fill with smoke 
and clear itself again during the expiration. The analysis of the air in the 
tube was made by inverting the tube over a mercury trough similar to 
that figured in “Methods of gas analysis” (Haldane) Fig. 7, the gas 
being withdrawn through a glass tube sufficiently fine to pass through 
the bore of the tap. 

(d) The tonometer for the exposure of the arterial blood to the alveolar 


air, When it was desired to use the tube first as a tonometer, it was 


similarly inverted over the trough, the orifice (a) being, of course, free 
from air and filled with mercury. About - 3 c.c. of blood was introduced 
underneath the orifice with a syringe and allowed to displace the mercury 
by gravity. The tap was now opened. If necessary the tube was cooled 
with a little ether sufficiently for the blood to be drawn into the tono- 
meter above the tap. When the blood was exposed to the alveolar air 
in the water bath at 387 C. the tap was momentarily opened a little 
under water so that the mercury in the bore of the tap might run out 
followed by alveolar air until the pressure of alveolar air saturated with 
aqueous vapour at 38° C. became equal to ‘ 

that of the barometer. When the blood 
was in equilibrium with the alveolar air a 
sample was removed for analysis in the 
following way. The tube, still in the warm 
water bath was placed vertically with the 
orifice and tap just out of the water. 
The orifice was dried within, and a drop 
or two of molten vaseline allowed to 
congeal in it. A piece of pressure tubing 
about 1 cm. in length and 2 mm. in bore 
was then put into the orifice and pushed 
home so that the vaseline rose up the 
bore of the tubing: It was now possible 
to open the tap without air entering or 
escaping. Through the vaseline a fine 
glass tube, thin walled and of about 
1 mm. bore was introduced. This tube was Fig. 3. 

fitted up so as to form a very attenuated 

syringe and a cannula and trocar in. one. The “trocar” or piston was · 
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made of fine wire covered with cotton such as is ordinarily used for 
electric connexions. Such wire by itself does not make a tight piston 
but if it is dipped in melted paraffin to the depth of a few millimetres, 
and the excess paraffin be removed a satisfactory plunger is obtained. 
The tube could be introduced through the vaseline and through the 
bore in the tap and pushed down till it reached the blood in the apex 
of the tonometer. The wire was then withdrawn till about -15c.c. of 
blood was drawn into the tube. The tube was pulled up till free of the 
stopper. The tap was then closed and the tube removed, and the blood 
transferred to a differential blood-gas apparatus of the smaller type. 
In this the percentage saturation of the blood was determined, and the 
analysis of the air in the tonometer was made as already described. 

As a check on this method, samples of gas were made up in 
Barcroft’s tonometers of the ordinary size (250 c.c.) of the approxi- 
mate composition of the alveolar air as collected by the Krogh and 
Lindhard method. The blood was exposed in these in the usual way 
and analysed. 

(e) The measurement of work performed. The conditions which regu- 
lated the amount of work performed during the working period were: 
(1) that the work should be uniform throughout, (2) that it should be 
as heavy as was consistent with the maintenance of uniformity. 

How much work on a bicycle ergometer could be maintained for, if 
necessary, three-quarters of an hour, under anoxsemic conditions, and 
without injury to the subject, was unknown. The quantity attempted 
proved to be within the mark. The following table shows that the work 
was maintained, and to judge from the feelings of the subject, a greater 
amount * have been carried out. 


Taste XI. 
Revolutions Work Work kilog. 
of Tension of wheel foot Ibs. 

Time fly- wheel Ibs. feet per min. per min. 
8. 33-8. 40 795 2500 350 
8.40-8.45 580 3-8 5-6 2470 346 
8.45-8.58 1733 3-7 5-6 2770 387 
8.48-9. 10.30 3632 3-5 5-6 2760 386 


The final figure which is probably correct to about 1 p.c. and may 
therefore be taken to be in round numbers 2750 foot-pounds per minute 


was the actual amount of work being accomplished whilst the 0 
samples were being taken. 


It may therefore be claimed that the body was in a steady condition 


a state of affairs always much more easy to obtain an moderate 
exercise than during rest so-called. 
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The respiratory conditions of the subject during rest were much less 
certainly defined than during exercise, and for this reason a few words 
must be said about the resting alveolar air. Before coming out of the 
chamber (about 6 p.m.) the resting alveolar air contained 46 mm. of 
oxygen and 35 mm. of CO,, the inspired air at the same time containing 
86 mm. of oxygen and 4 mm. of CO,. Sitting on the bicycle, however, 
with the same inspired air the oxygen in the alveolar air rose to 68 mm. 
The margin between the oxygen in the inspired and in the alveolar air, 
therefore, dropped from about 40 to about 20 mm. The cause of the 
change is uncertain. It may have had to do with either or both of the 
facts (a) that the subject was at the time of the observation in a more 
or less fainting condition, (ö) that he was breathing through valves. 
There was no such reduction in the depth of the respirations as could 
be detected without making actual measurements. The CO, pressure in 
the alveolar air was maintained, and this probably kept the depth of 
respiration from decreasing, the tendency of the valves being in the 
same direction. These circumstances coupled with a relatively rapid 
drop in the oxygen consumption would account for the high alveolar 
oxygen pressure. There are, as far as we know, no measurements of the 
oxygen consumption of faint persons, but such a condition is probably 
associated with considerable reduction of muscular tone. This reduction 
would be accompanied by decreased metabolism, both as regards 
oxygen consumption and CO, production, but it would show sooner on 
the oxygen intake than on the CO, output. Be the explanation what it 
may, there appeared to be no doubt of the validity of the actual observa- 
tion in the sense that while 68 mm. may not be a normal value for the 
alveolar air of a person breathing an atmosphere of 86 mm. oxygen it 
was the pressure to which the blood was exposed at the time. During 
exercise the alveolar oxygen pressure was 57 mm.—about 30 mm, less 
than that of the inspired air and 10 mm. higher than that of the alveolar 
air during rest in the chamber. This statement is the expression of a 
stable condition; the work had been uniform and not excessive since 
the figure was obtained by two different methods which agreed. 


4. THE RESULTS OBTAINED. 


The partial pressure of oxygen in the alveolar air (57-68 mm.) 
corresponds to a percentage saturation of between 80 and 90 p.c. of 
oxygen in the blood, in vitro. Such blood is appreciably darker in colour 
than normal arterial blood. A rise of but a few millimetres in the 
partial pressure of oxygen would make the blood its ‘usual colour. The 


2 4 
* 3 
7 
4 
1 
4 
4 
7, 
4 
* 
| 
f 
* 
— 
* 
. 
4 
a 
* 
„ 


468 BARCROFT, COOKE, HARTRIDGE, T. AND . PARSONS. 


quéstion as to whether there was any considerable secretion of oxygen 
could roughly be judged by the mere inspection of the blood as it emerged 
from the artery. The withdrawal of the first sample therefore provided 
a somewhat dramatic moment and was in a sense the climax of the 
experiment. The blood looked dark. The darkness might have been 
attributed to some extent to the artificial yellowish light had it not 
been that the blood subsequently collected during oxygen respiration 
was amply bright. 
_ The results obtained are given in Table XII. 


Taste XII. Determinations. 


(The Greek letters refer to the protocol on p. 463.) | 
Oxygen 


: Rest Work respiration 
Blood from radial x 87-9 84-1 83- 99-5) 100-9 
oxygen a 84.8 8 840 
85-8 82-5 
b) Blood 920 
" air (Heldane’s smothed) 90s 
— (9) be 91-4 * 
Biot to alv. air 89-2 
(e) — 92 
(f) below | 
Blood to tono- 87-4 87-4 101-2 
30.3071 99-5} 100 8 
(e) Composition oftonometer CO, 29.5 mm. 36 mm. | 30 mm. 
air 0,=56 mm. 54 mm. 700 mm. 
H,O=47 mm. 47 mm. 47 mm. 
composition of alv. air 1 
(Kroghb's method) CO, 27.5 mm. 34-8 mm. 
O,=68-4 mm. 56-5 mm. 
(9) Composition of alveolar oe * 
co, — 3052 mm. 
h of bes- — 201 
(hk) Oxygen 201 c.c. 
(i) of oxygen in 177 0. o. 108 % 203 % 
hemoglobin of arterial | 
(a) and (h) 
terial b 


_ (1). Whichever values are taken for the bus. saturation. of 
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the blood shaken with alveolar air (d) or (e), such blood contains more 
oxygen than the corresponding blood taken from the radial artery (6); 

(2) The disparity is greater during work than during rest. (The 
values for the percentage saturation as calculated from the differential 
apparatus and from the pump agree very closely.) 

The first point given above suggests that diffusion alone accounts 
for the passage of oxygen through the alveolar membrane. The second 
raises the question: Is it possible from the above figures to calculate the 
diffusion constant, for the lungs of the subject? 

The diffusion constant is defined as the number of cubic centimetres 
of oxygen which pass from the pulmonary alveoli into the blood for 
each millim of pressure-difference between the two. As has been 
pointed out the “working” results given above form a much more 
certain basis for calculation than the resting ones. The data which we 
have are as follows. 

The percentage saturation of the blood with oxygen was: 
; (a) by differential apparatus 83-8 
(6) pump 83-1 


mean 835 . . . . (1). 
The actual partial pressure of oxygen in the lung was: 
(a) by Krogh’s method 56-5 mm. 
(6) by Haldane’s „ 


mean 55 „ (). 


The points determined on the blood fall so closely on Barcroft’s 
dissociation curve as given in his paper on the adaptation to high 
altitudes c in Teneriffe is to make it reasonably certain that that 
curve is still valid, in which case: 


83 ·5 p. o. saturation corresponds to 48 mm. pressure « (3), 


a figure which closely agrees with that obtained subsequently by the 
application of the forumla y K 
100 

to a large number of points. 

The amount of oxygen used per minute was 750c.c. . . . (4). 

The available difference of pressure found from (2) and (3) above, 
namely, 55 mm.-48 mm., is 7 mm. The diffusion constant is therefore 
or 107 c. c. 

The figures obtained in this research might be grouped rather 
differently and if so might give a somewhat different result. As regards 
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the numerator of the above fraction, the value given (750 0. o.) contains 
no serious error. The denominator is much more open to doubt. If 
Krogh’s method of measuring the alveolar air were taken alone, the 
denominator would rise to 8-5, whilst there is a possible error in the 
percentage error saturation (83-5) which might correspond to 2 mm. 
pressure either way. The error in the denominator can scarcely be as 
much as 50 p.c. in either direction, though it may be of this order. The 
denominator may be anywhere between 10 and 4, in which case the 
diffusion constant would be between 75 and 187, with a probability of 
its being approximately 100. 

Such a diffusion constant is considerably larger than the values 
hitherto obtained. The most recent determinations of the Copenhagen 
school, those of Marie Krogh(21), place the constant at 50—this value 
being higher than those previously observed. 

In making any calculation of the highest altitude on the diffusion 
hypothesis, two factors have been modified by the data given 
above. The first is the possibility of the partial pressure of oxygen in 
the alveoli being considerably nearer that in the inspired air than was 
formerly supposed, the second is the larger diffusion coefficient. We 
refrain from calculating the probable percentage saturation of the 
Duke of Abruzzi’s blood at a barometric pressure of 312 mm., being 
ignorant both of his alveolar air and of his dissociation curve at 24,000 
feet altitude. Rather would we illustrate the light we hope to have 
shed on such calculations by comparing Haldane’s extrapolation as 

it would have applied to our blood, with the results which we actually 
obtained. 

From Haldane’s data it would have appeared that oxygen in our 
alveolar air when at work would have been 45 mm. (it was 55). Taking 
the oxygen used as 750 c.c. per minute and the diffusion coefficient as 
he did at 38, the partial pressure of oxygen in the blood should have 
been 20 mm. below that in the alveolar air making it 25 mm.; applying 
this figure to the dissociation curve the corresponding percentage 
saturation would have been 48—in point of fact it was 83. 

In comparing our work with Marie Krogh’s very careful and 
accurate researches, the only point we would claim in our favour is 
that our determination is a eo direct one, ee no * 
tions. 

The issue as between direct nea indirect 3 is W the 
cause of the difference between our results and those of the Oxford 
school. We yield to none in appreciation of the accuracy of the work 
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on this subject of oxygen secretion published by Haldane and his 
colleagues, and we cannot but think that the difference between us and 
them is to be sought in the assumptions which Haldane makes, rather 
than in the accuracy of his observations. Of those assumptions perhaps 
the most natural, though the least supported by evidence, 1s the one 
that carbon monoxide passes as an indifferent gas through the pul- 
monary epithelium, the blood plasma and the corpuscle wall; or to put 
it more correctly that these structures are indifferent to the passage of 
carbon monoxide. Hardy in conversation once said, When the red 
corpuscle becomes indifferent to the substances which diffuse into it, its 
hfe may be regarded as over.” This statement may be as applicable to 
the passage into the corpuscle of carbonic monoxide as of sodium 
chloride. Did the corpuscle present some measure of resistance to 
carbon monoxide, the fact would reflect upon both the secretion and 
diffusion theories as they stand in the literature. It would account for 
the carbon monoxide method giving too high a value for the oxygen 
pressure in arterial blood; it would equally account for the estimates 
hitherto made giving too low a value for the diffusion coefficient. 


We wish to record our thanks to the Fellows of King’s College, 
Cambridge, to whose kindness we owe a grant given to cover the expenses 


incurred during the progress of the experiment; and to the Royal 


Society and Medical Research Committee, who paid for much of the 
apparatus requisitioned for it. 
We owe a debt too, to a number of students who volunteered for 
help of an important character: C. E. G. Smith, H. S. Allen, R. D. 
Alexander, M. Crockford, A. L. Lankester, W. W. McLean, A. W. C. 
Mellor, W. B. R. Monteith, T. E. Walsh, J. D. R. Murray and H. Yates 
of King’s College, R. Whillis of Pembroke College and W. R. F. Collis 
of Trinity College; also to Mr C. T. Heycock, F.R.S. for the loan of 


apparatus. 
CoNCLUSIONS. 


(1) Under a condition of anoxemia caused by living for six days 
in atmosphere in which the partial pressure of oxygen fell to 84 mm., 
analyses were made of the alveolar air and arterial blood in man. The 
arterial blood in vivo contained less oxygen both during rest and work 
than did samples of the same blood exposed to alveolar air in vitro, at 
body temperature. 

(2) During work the quotient of the oxygen consumption and 
difference in oxygen — yielded a diffusion constant of about 100. 
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(3) There was no self-reduction of the blood sufficient to invalidate 
the determination of the percentage saturation of the blood withdrawn 
directly from the ** syne 


(1) 
(2) 
(3) 
(4) 
(5) 


(6) 

(7) 

(8) 

(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
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THE CORTICAL PATHS FOR MASTICATION AND 
DEGLUTITION. By F. R. MILLER, M.A., MB. 


(From the Laboratory of Physiology, Western University, Canada.) 


Tun observation that movements of mastication may be elicited in the 
rabbit by stimulation of the cerebral cortex is due to Ferrier(), who 
found the cortical area yielding the response to be rather extensive and 
to be situated on the lateral surface of the frontal lobe. Réthi() 
obtained mastication and also deglutition by excitation of the cortex of 
the rabbit. Stimulation applied to the infracortical paths yielded both 
responses as far posteriorly as the subthalamic region. On arrival at 
the crus cerebri, however, stimulation produced a continuous jaw 
closure, in place of the rhythmical mastication, whilst swallowing was 
absent, He argued from these results for the existence of a centre for 
mastication and deglutition situated within or below the thalamus and 
above the crus cerebri. A study of the cortical area and subcortical 
tracts involved in mastication in the rabbit was made by Carpenter). 
He followed the tracts into the medial portion of the crus cerebri. But 


be makes no mention of a change from masticatory rhythm to con- 


tinuous jaw closure, as was recorded by Réthi. The cortical masticatory 
centre as localised by Mann(4) is somewhat smaller than Ferrier’s 
area and is gituated slightly ventral to it. 

The present research represents an attempt to investigate somewhat 
more completely the cortical paths concerned in mastication and 
deglutition. The rabbit served as the experimental animal and anæs- 
thesia was induced by ether or by the injection of chloral hydrate 
intraperitoneally (about -35 gm. per kilo.) or by a combination of both 
procedures. 

The inductorium used for stimulation was fed by two storage salle; 
an ammeter and a rheostat were arranged in the circuit and the rheostat 
was adjusted so that, whilst the interrupter of the inductorium vibrated, 
the ammeter indicated a reading of approximately 0-2 ampére. Stimu- 
lation was applied by the bipolar and unipolar methods, the latter 
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method serving for the purpose of localisation. The stimulating terminals 
were of platinum fused at their extremities into small beads. The ter- 
minals of the bipolar electrodes were 1 mm. apart. The average secondary 
distance was 9-5 cm. for both methods of stimulation. At 13-5 cm. the 
current from the bipolar electrodes was just perceptible on the tip of 
the tongue. 

The first problem presenting itself was whether the masticatory 
movements elicited from the cortex are bilateral, that is whether the 
muscles of both sides of the jaw participate in the reaction. For the 
purpose of deciding this question the mandible was sawn through at the 
symphysis and the soft tissues were divided in the middle line as far 
back as the angle of the jaw. Under these conditions the masticatory 
movements were seen to be not only bilateral but also synchronous, 
the muscles of the two sides functioning harmoniously. It appeared just 
possible that mere contact between the divided halves of the jaw might 
be responsible for the bilateral character of the reaction. Such a con- 
tingency was, however, readily excluded by stimulating the cortical 
area, whilst, at the same time, the contralateral half of the jaw was 
drawn aside. Stimulation under these conditions yielded again syn- 
chronous, bilateral jaw movements. Moreover, direct observation of the 
exposed, ipsilateral masseter muscle during the stimulation showed it 
to be executing rhythmical movements of mastication. It is clear, then, 
that bilateral, synchronous movements of mastication result from 
stimulation of the appropriate cortical area of one cerebral hemisphere. 

Mention has already been made of the fact that Réthi elicited 
rhythmical mastication from infracortical paths as far posteriorly as the 
subthalamic region. In view of the somewhat vague nature of this 
statement it appeared desirable to determine more accurately the 
posterior limit for the reaction. Anssthesia was effected by chloral 
hydrate injected intraperitoneally and by ether. Tracheotomy having 
been performed, the animal was secured with its abdomen on the table, 
a hot water bottle being placed crosswise so as to support it just in front 
of the hind legs. The head was placed on a block of suitable size. The 
skull was trephined in front of the coronal suture and the opening 
enlarged to an adequate extent. 

In the preliminary experiments the reaction of mastication was first 
excited from the cortex and then successive vertical slices were removed 
from one hemisphere with a flat spatula. The hemorrhage resulting 
from each excision was checked by packing with absorbent cotton 
soaked. in adrenaline solution. Following’ each extirpation bipolar 
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stimulation was applied to the cross-section and in this way it was found 
that, as Réthi had reported, masticatory rhythm and swallowing could 
be evoked for a considerable distance backwards but that they were 
finally replaced by steady jaw closure. The muscles concerned in this 
closure appeared to be solely those on the same side as the stimulation. 
It was noted further that the reaction was more readily obtained from 
a point on the base of the skull than from the cross-section of the brain. 
The extreme posterior limit for obtaining mastication and deglutition 
was found to lie approximately 16 mm. behind the zygomatic process. 

In order to ascertain the exact anatomical relations experiments 
were performed in which a section was made across both hemispheres 
at the level just mentioned. Stimulation of the appropriate place on 
the cross-section of each hemisphere now yielded, provided the posterior 
limit had not been exceeded, mastication and swallowing. A further 
portion of one hemisphere was now removed until it was found that, 
instead of chewing and swallowing, only steady jaw closure was elicited 
on exeitation. The original point on the opposite side, however, still 
yielded chewing. Sections were then R from each hemisphere 
and stained by the Weigert method. 

In experiments of this kind it usually happens that the section of 
the brain, as made at the time of operation, is not perfectly flat. Hence, 
the first complete section cut with the microtome lies very slightly 
posterior to the plane at which the reactions were actually obtained. 
To obviate such an inaccuracy a modification of the above method of 
experimentation was adopted as a control. In these experiments 
sections were cut from one hemisphere only and the extreme posterior 
limit for mastication and deglutition was determined as accurately as 
possible. A section was then made with the microtome through the 
intact hemisphere at the level which yielded mastication and deglutition 
on the opposite side. A similar procedure was adopted to ascertain the 
level yielding continuous closure. 

In consequence of numerous . of the types described it 
can be definitely asserted that a masticatory rhythm and deglutition 
may be obtained as far backwards as the level of Fig. 1; from the level 
of Fig. d beyond it, however, only steady jaw closure was noted. 

Reférence has been made to ‘the interpretation placed by Réthi 
on the change in type of the reaction from a rhythm to continuous 
closure. He inferred the existence of a centre for mastication and 
swallowing within or immediately below the thalamus. Presumably he 
thought the continuous jaw closure evoked beyond the level of Fig. 1 
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was due to stimulation of fibres in the pes pedunculi. As already men- 
tioned, my own observations show that the effect is produced by con- 
traction of the ipsilateral closing muscles. This fact makes it appear 
improbable that the contraction depends on stimulation of the pes. 
Examination of the anatomical arrangements of the region shows that 
the contraction is caused by stimulation of the mandibular nerve at its 
emergence from the skull by escape of current from the electrodes. 

With respect to the disappearance of mastication and swallowing 
beyond the level of Fig. 1 it would seem that a more plausible explanation 
may be offered than that of Réthi. According to Prof. Sherrington’ 


Figs. 1 and 2. Cross-sections of brain of rabbit. O.., mamillare; Fas. retr., fasciculus 


xus; Ha., habenula; P.p.c., pes cerebri; F. d. A., bundle of — 
d' ; M.s., situation of bristle indicating point from which mastication 


posterior commissure; P.c.m., pedunculus corporis 
the explanation is to be found in the fact that the fibres concerned in 
these reactions have, beyond the level of Fig. 1, left the pes as “aberrant 
fibres to proceed to their respective motor nuclei. Definite proof of the 
correctness of such a view would be furnished by demonstrating both 
mastication and swallowing in the decerebrate rabbit. Whilst swallow- 
ing is readily elicitable in the decerebrate cat(5) its demonstration in the 
decerebrate rabbit appeared desirable. Decerebration was, accordingly, 
performed in the rabbit by Sherrington’s original method as described 
for the cat, both hemispheres being completely removed; The level of 
the transection was, of course, a considerable distance posterior to that 
Personal communication, 
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beyond which mastication and deglutition ceased to be elicitable by 
stimulation. In such a decerebrate preparation deglutition was found, 
after a short period of recovery, to be readily evokable by introducing 
water into the pharynx by means of a rubber tube. Efforts to induce 
mastication were, however, unsuccessful. Faradic and mechanical 
stimulation of the tongue, pharynx and various parts of the buccal 
mucosa failed to yield it. It appears probable that, could the decerebrate 
rabbit be kept alive for a sufficient length of time, mastication would 


eventually become elicitable. But in the few hours during which it 


retains its vitality I have not met with success in this direction. Since, 
however, swallowing is obtainable in the decerebrate rabbit it is evident 
that Réthi’s hypothesis of a deglutition centre in the thalamic region 
must be definitely abandoned. And, in spite of the absence of experi- 


mental proof, the existence there of a centre for mastication would 


appear, from general considerations, extremely improbable. 

The situation of the tract con- 
cerned in the masticatory rhythm 
was determined at various levels by 
the unipolar method of stimulation. 
A small bristle was inserted at the 
proper point and served as a record 
in the sections which were subse- 
quently prepared. In Fig. 3 the 
bristle is situated in the lower part 
of the internal capsule. 

In Fig. 1 the bristle is in the 
medial portion of the pes pedunculi. 
Deglutition accompanied mastication ie 
in these experiments but the specific Fig. 3. Cross-section of brain of rabbit. 
tract involved has not yet been dif- 3 ers . 
ferentiated from that for mastica- situation of bristle indicating point 


from which mastication and 
tion. were yielded. 


SuMMARY. 
1. The movements of mastication induced by stimulation of the 
cerebral cortex of the rabbit are bilateral. 
2. Masticatory rhythm and deglutition can be elicited from the 
infracortical tracts as far posteriorly as the corpora mamillaria. 
3. Beyond this level both reactions cease to be evokable, the reason 
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being that the fibres concerned have passed to their respective motor 
nuclei as “aberrant fibres.” 

4. The steady jaw closure which replaces rhythmical mastication 
is caused by escape of current to the mandibular nerve at its exit from 
the skull. 

5. The existence of a deglutition centre in the thalamic region is 
disproved. The ‘presence there of s centre for mastiention’ sppears 
improbable. 

6. The infracortical tract for mastication and deglutition was 
traced through the lower part of the internal capsule at the level of the 
posterior extremity of the caudate nucleus to the medial part of the pes 
at the level of the corpora mamillaria. 


(1) Ferrier. The Functions of the Brain. 2nd Edit. p. 260. 1886. 

(2) Réthi, Stengsb, d. k. Akad. d. Wies. Wien. 102, Abt. iii. p. 359. 1893. 
(3) Carpenter. Ontrbl. f. Physiol. 9, p. 337. 1898. 

(4) Mann. Journ. Anat. and Physiol. 30, p. I. 1896. 

(5) Miller and Sherrington. Quart. Journ. Exp. Physiol. 9, p. 147. 1915. 
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Physiological eye-strain. By H. Harrrinae. 


As is well known eye-strain is met with in cases of hyper-metropia 
(long sight) and is stated to be due to the excessive use of the accommo- 
dation which is required in order to focus both near and distant objects 
on the retina. 

It is, therefore, rather a remarkable fact that eye-strain is met with 
in cases of myopia, in which presumably the accommodating mechanism 
is used to an even less extent than it is in persons with emmetropic 
(normal) vision. It seems clear that fatigue of the ciliary muscles can- 
not explain the feeling of discomfort that is experienced. 

Now in normal vision there is a close association between the nerve 
centres controlling convergence of the visual axes and the accommo- 
dation, so that focussing for near objects is accompanied by precisely 
the correct amount of convergence to prevent diplopia (double images). 
Now in hyper-metropia accommodation has to be effected without 
convergence and in myopia convergence without accommodation. It 
would seem possible, therefore, that eye-strain is due to the effort 
required to dissociate these normally closely connected functions. Two 
pieces of evidence can be brought forward in favour of this view: 

(1) If a person with normal vision places spectacles in front of his 
eyes which carry lenses of 4 dioptres focal length, and then reads a 
book placed (at) 25 centimetres away from his eyes, then it is clear that 
he is using no effort of accommodation, because lenses of 4 dioptres have 
a focal length of 25 centimetres, and therefore the rays proceeding from 
the book are rendered parallel before entering his eyes. He has, however, 


to converge his visual axes in order to combine the images formed on 


his retinae without using his accommodation. It is found under these 
circumstances that eye-strain very quickly developes, in spite of the 
fact that accommodation is not brought into play. 
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(2) Eye-strain is most marked in moderate cases of ametropia, ie. 


those in which diplopia does not normally occur, and that it is but seldom 
seen in cases of a severer type in which diplopia or concomitant strabis- 
mus are found. This shows that when no effort to dissociate accommo- 
dation and convergence is made eye-strain is not developed. 


Measurement of the blood-flow through the chest in the goat. 
By J. Barorort, A. E. Boyoorr (Major, R. A. M. C.), R. A. Peters, 
M. C. (Capt. R.A.M.C.), anp J. S. Dunn (Capt. R.A.M.C.). (Pre- 


liminary communication.) 


The blood-flow through the chest may be measured in the goat, from 
time to time, without injury to the animal and with apparently but 
little discomfort by a modification of Zuntz’s method which is based 
on the following principle. 

If the quantity of oxygen used per minute be O, the oxygen in 
1 c. e. of arterial blood A, and in 1 c.c. of venous blood B, and the volume 
of blood which traverses the thorax per minute V 


Q is obtained as follows: A mask is fitted over the nose of the goat, 
it is equipped with inspiratory and expiratory valves. The breath which 
passes out through the expiratory valve is collected in a Douglas bag; 
the volume so obtained in a given time is measured with a metre and 
a sample analysed for O, (and CO,) percentage. 

(A — B) are obtained by placing a sample of 1 c.c. each of arterial 
and venous bloods in a Barcroft differential blood gas apparatus and 
determining the oxygen difference. The samples are withdrawn from 
the goat by direct puncture of the right and left ventricles of the heart 
through the skin. 

— following is an example of determinations made on a normal 
goat: 


Blood flow through the thorax 
Date (August) 26 27 28 29° 
p.m. | a.m. p.m, a.m. p.m. a.m. 
Goat 4444 2°8 2-9 2°2 2°3 — ) litres 
Goat 4648 — 2˙4 minute 


Incidentally values are, or may be, obtained for the percentage saturation of the arterial 
and venous bloods, and details of gaseous exchange over short periods of time. 


1 This and the three following communications will appear in extenso in the Quarter! 
Journal of Medicine. 1 
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Measurement of pressure in the right ventricle. By Jonx Snaw 
Dunn (Capt. R. A. M. C.). 


Tracings of endocardial pressure in the right ventricle, of sufficient 
accuracy for many pathological purposes, may be obtained in the 
following way. A hypodermic needle is attached to a syringe and 
filled with citrate. The needle is plunged through the skin and under- 
lying tissues into the right ventricle of the intact goat—the animal 


being on its side. The syringe is disconnected from the needle and the 


latter attached to a Hiirthle’s Membrane Manometer which is sub- 


sequently calibrated. 


Figure 1 shows two tracings obtained as described, but with the drum 
moving at different rates. 


Fig. 1. Endocardiac pressure in right ventricle. Time in seconds. Calibration in mm. 
of mercury. S=mean systole pressure. M= mean diastolic pressure. R=respira- 
tions. P=pulse, Upper tracing = respirations. 


Fig. 2. Lettering as in Fig. 1. 


Figure 2 shows two tracings from the same goat, one at rest and the 
other immediately after taking exercise. They illustrate the fact that 
the systolic pressure in the intact animal does not appear to vary in 
direct proportion to the blood flow. In the case given above the blood 
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flow during rest was 2-6 litres per minute and during exercise 5-3 litres. 
The following are the pressures in three experiments: 


— 


Rest — 
23°5 
Systolic pressure 14 165 
in mm. 27˙8 23 


The above figures suggest a stabilisation of the systolic pressure by 
means of alterations in the calibration of the lung vessels, in short a 
depressor-pulmonary reflex related to the right side of oe heart as the 
depressor-system reflex is to the left. side. 


The measurement of the work performed by the heart. By 
J. Barororr and J. S. Dunn (Capt. R. A. M. C.). 


The principal factor in the measurement of the work done by the 
4 heart is the product of the output and the pressure at 
i which the blood leaves the ventricle. 
| | & method has been given above for the determination 
of the output in the intact goat. This may vary within 
several hundred per cent. and is the dominating factor 
B in the estimation of work. In the right side of the heart, 
the pressure being low, a variation of some millimetres 
forms a considerable percentage of the whole and thetefore 
an accurate measurement is necessary. In the case of the 
left ventricle accuracy to say 5 mm. is of less moment. 
As the pressure at which the blood is expelled is vari- 
able, and as the quantity expelled at any given pressure 
b is unknown, we have taken the maximal systolic pressure 
as the basis of our measurement of work. (1) This we 
believe to be more accurate than any other single figure 
and is we estimate about 9-10 per cent. too high. (2) It is 
E easily measured. 


Fig. 1. 
Pressure tubing leading to mercury manometer. 
Glass tube. 
Rubber connection. 


Phosphor bronze sphere 3 mm. diameter. : 
Hypodermic needle 5 cm. x 3 mm., the socket bored out and ground 
to make a valve, a 
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In the right ventricle the maximal pressure may be taken for the 
present purpose as the general level of the systolic plateau on such a 
tracing as is given above. In the case of the left ventricle a special 
instrument is necessary for the measurement of the maximal pressure. 

It is made from the needle of a hypodermic syringe, fitted with 
a simple valve and connected to a mercurial manometer. Figure 1 
shows the device. The valve should be nearly but not absolutely 
tight. 

Figure 2 shows a tracing of the maximal pressure in the goat. Before 
the insertion of the needle into the goat the system was filled with 
citrate. The pressure raised somewhat above the ventricular pressure 
and maintained in the apparatus by closing a tap. When all was in 
place this tap was opened. Owing to the slight imperfection of the valve 
the pressure dropped till it reached the systolic pressure at which it 
was maintained. The slight undulations are respirations. 


Fig. 2. Tracing of maximal systolic pressure in left ventricle. The time tracing marks 
seconds. The base line is moved up 50 mm. (representing 100 mm. pressure). The 
maximal systolic pressure is therefore 126 mm. 


The effects of multiple pulmonary embolism. By Jonx Shaw 
Dunn (Capt., R. A. M. C.). (Preliminary communication.) 


The injection of a suspension of grains of potato starch into the 
jugular vein of the goat produces uncomplicated multiple pulmonary 
embolism. The grains are of so large a size that they all lodge in the 
smaller arterials of the lung. 

If the dose be of the order of 70 C. c. (25 per cent. of which is starch) 
the venous pressure rises, the arterial pressure falls and the animal 
shortly dies. 

If this dose be smaller (5-15 b. c.) there is but a transient rise of the 
venous pressure after which for some hours the arterial and venous 
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pressures remain normal, as also do the oxygen and carbonic acid in the 
blood, and the quantity of blood in circulation. 

Nevertheless a great change takes place in the type of respiration. 
The respiratory rate becomes rapid, and the depth of each 9 
is much reduced. 

The effect produced may lie between the following extremes: 


Resp. rate breathed hy per — c. o. 
Goat ac. Normal embolism Normal embolism Normal : embolism 
20 18 46 40 8˙8 310 172 
20 15 55 42 4°38 280 78 
5 22 200 7°35 17°25 380 90 


In seeking the mechanism by which this change is brought about, no 
change in the general condition of the animal which might affect the 
respiratory centre has been found (anemia, alterations in CO, content 
of the blood, general changes in the hydrodynamic condition of the 
vascular system being excluded). The shallow respiration is therefore 
attributed to peripheral stimulation of the vagus. In support of this 
explanation are the following considerations: 

(I) Section of both vagi (urethane) reduces the respiration of an em- 
bolised goat to the condition of that of any ordinary goat with cut 


(2) In injection of starch into the circulation of an animal (urethane) 
with cut vagi does not alter the respiration. 

The ultimate fate of such a goat is interesting. The embolism may 
in time (say 5 hours) produce a condition of over distension due to 
bronchial spasm of the lung, and perhaps even cedema. There seems to 
be evidence then of three reflexes from the lung: 

(1) Causing dilatation of the unembolised arterioles. 

(2) Causing rapid shallow respiration. 

(3) Causing bronchial spasm. 


The shape of the pupil in various animals. By H. Hartrince. 


I have shown in a previous paper that a pupil of circular shape is the 
most efficient from the point of view of the perfection of the images 
formed on the retina; there is therefore room for speculation as to the 
possible utility of pupils of other shape, such as are met with in the cat 
and the sheep. In the cat, pupils of small and moderate diameter are 
slit shaped, the longest diameter being vertical. When fully dilated, 
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however, the pupil is round, all intermediate forms between slit, oval, 
and circle, being met with, as the pupil varies in size. Now it is well 
known that the aberrations of a lens system increases greatly as the 
aperture increases and the peripheral zones of the lens are brought into 
play. It is therefore clear that an oval pupil in which the long axis is 
vertical, will cause the lens system to form images in which the aberra- 
tions of horizontal contours are greater than those belonging to vertical 
contours. 

The cat belongs to a family which consists essentially of tree-climbing 
and tree-dwelling carnivors which hunt their prey chiefly at night. The 
contours of trees and their branches are principally vertical, therefore 
if the illumination of the image formed on the retina could be increased 
by sacrificing the definition of horizontal contours it would be an ad- 
vantage to the cat tribe. But it will be seen that this is effected by the 
use of the oval pupil since the aberration of vertical contours is little 
greater than that of a circular pupil of the same horizontal diameter, 
while the intensity of the image formed on the retina is as much the 
greater as the vertical diameter of the oval is greater than that of the 
circular pupil. This appears to explain the peculiar shape of pupil met 
with in the cat. 

The shape of the sheep’s pupil is oval, the long diameter being hori- 
zontal, and converse deductions could be made as to the relative defini- 
tions of vertical and horizontal planes to those made above. This is in 
agreement with the view that to the sheep the horizontal contours 
formed by the landscape are relatively of greater importance than are 
vertical ones. It would seem, however, that another and more important 
explanation can be offered. The sheep being a vegetarian is more liable 
to be hunted than to hunt, and must therefore have peripheral vision 
which is more acute in comparison with its central vision in order that 
it may receive the most adequate warning of the approach of danger. 

Now it is clear that the illumination of peripheral images is consider- 
ably less with a circular pupil than those formed near the axis of the 
lens, because the bundle of rays entering the eye is restricted by the 
smaller opening which the pupil offers, owing to the angle which its 
plane makes with that of the entering beam. Thus if an eye with a 
circular pupil be viewed from one side it will be seen that the pupil 
appears oval or slit shaped, the horizontal diameter being very much 
smaller than is the case when the pupil is viewed from in front. But 
this effect could be reduced to a considerable extent if the pupil could be 
made oval initially, with the long axis horizontal. It would then appear 
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circular when seen from one side at an angle, and would not cut down 
the entering rays to an appreciable extent until rays of considerable 
obliquity had to be considered. The oval pupil would seem to benefit the 
sheep by increasing the luminosity of the peripheral images formed of 
objects lying on a horizontal plane, and would therefore the more 
readily enable it to escape attack. 


Marginal aberrations of the eye. By H. HARTRIDGR. 


It is well known that the eye suffers from considerable errors which 
affect peripheral vision adversely. These are ä 

(a) Chromatic difference of magnification. 

(6) Chromatic difference of focus. 

(c) Marginal astigmatism. 

(d) Disobedience of sine-condition. 

(e) Curvature of field. 

(f) Distortion. | 

With regard to the two latter, Etzer has pointed out! that the 
interference with vision caused by curvature of field is to a great extent 
corrected by the shape of the retina, which nearly follows the position 
of best focus. 

Now such a method of correction is very different to that employed 
in photographic optics, for the sensitive plate being flat the lens system 

has to be so designed that the foci for parallel rays are caused to 
coincide with a plane normal to the lens axis. It is found further that 
by slightly modifying the lens formula distortion is eliminated at the 
same time by causing the image to be rectilinear, that is to say that 
lines which are straight in the objective field are represented as straight 
lines on the photographic plate. 

Many observers have pointed out that the image formed on the 
retina is very far from being rectilinear, thus Tscherning examined 
the image formed in an artificial eye and showed that straight lines in 
the objective field are represented by curved lines in the image. The 
same result was obtained by Kuhne“ by making an optogram (the 
image formed by the action of light by bleaching the visual purple). 
The retinal image has therefare been held to show distortion, and com- 
parison between the photographic lens and the eye has been made in 

* Etzer. Light for Students, 1904, p. 167. 


* Tscherning. Physiological Optics, Edition II., 1904, p. 218. 
Kuhne. Untersuch. aus d. physiol. Institut Heidelberg, 1879. 
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this respect to the disadvantage of the latter. This would appear, how- 
ever, to be due to an incomplete examination of the facts. 

If a photographic camera be taken and two marks be made on a 
wall so that the distance between the images at the centre of the ground 
glass be (say) one inch, then if the camera be turned to one side so that 
the images fall near the edge of the plate it will be found that the dis- 
tance between them has increased perhaps to as much as 1} inches. 
The size of the image therefore varies according to the part of the plate 
on which it falls. Now if the same experiment be performed with the 
eye of an albino rabbit it will be found that the image is almost con- 
stant in size. (The constancy is so great that with the methods at my 
disposal I was unable to detect any difference at angles of less than 
30 degrees on either side of the optical axis.) In the eye it would, 
therefore seem that images remain approximately constant in size when 
they are caused to fall on different parts of the retina at considerable 
distances from the fovea centralis. The utility of this fact would appear 
to concern stereoscopic vision because images can only combine to give 
a single impression if they have the same scale, and therefore since 
images from the same object fall on different parts of the retina in 
stereoscopic vision it is necessary that images formed on different parts 
of the retina should be the same size. The curvature of the field in the 
optical system of the eye and the cupping of the retina to correspond, 
far from being a defect would, therefore, appear to be a definite ad- 
vantage. 

It remains to briefly consider why the rectilinear i image is so import- 
ant in photographic optics. If a vertical sheet of glass be so placed that 
a rectilineal object, e.g. a house, can be seen through it, and the positions 
of the more important contours be plotted on the glass with a pen and 
ink, examination will show that lines which were straight in the object 
are represented as straight lines on the surface of the glass. Repetition 
of the experiment will show that the result is not in any way influenced 
by the angle at which the glass screen is placed in relationship with the 
object. This result may, therefore, be stated as follows: Rays which 
proceed from points lying in straight lines in an objective plane will 
form straight lines on any intermediate plane. 

Now a photograph so far as the eye is concerned, simply represents 
one such intermediate plane, and therefore it is necessary that lines 
which were straight in the object should be represented as straight in 
the photograph. The necessity for a rectilinear image in photography 
is therefore explained. 
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Optics of crystalline lens. By H. HART DR. 


It is well known that the focal length of the crystalline lens is shorter 
than that of an artificial lens made from a substance having the same 


mean refractive index. Calculation shows further that whereas the mean ; 


refractive index of the crystalline lens substance is approximately 1-39, 
that of a lens of the same external curvatures and the same focal length 
would have to be 1-42. 

Now if the various concentric layers of the crystalline lens are ex- 
amined it is found that the refractive index of their substance increases 
from the periphery to the central nucleus. It is clear, further, that the 
curvature of the central nucleus will be greater than the corresponding 
peripheral portion if the surfaces of the various layers are truly con- 
centric. It will be seen, therefore, that the central nucleus acts as a 
lens of relatively high power, since its own refractive index is higher and 
its curvature greater than that of the layers which surround it. In order, 
however, to account for the very short focal length of the lens, it has 
been thought necessary that the central nucleus should have an even 
greater curvature than has been supposed above. Under these circum- 
stances the more peripheral laminae take the form of negative menisci 
since they will be thinner near their centres than they are at their edges. 
This does not seem to be borne out by histological examination. 

An alternative explanation of the very short focal length of the lens 
appears to be available, as follows: if a beam of light enters a medium 
of a certain density it travels with a speed which is inversely propor- 
tional to the density. Suppose the case, therefore, in which a parallel 
beam of light is incident normally on a parallel slab of glass of which 
the density at one end is considerably greater than at the other, then 
the beam will be found to travel with greater speed at the end where 
the density is less than it does at the opposite end. The wave front 
will therefore become more and more inclined as it travels through the 
glass, so that when it finally emerges it will be seen to have been deviated 
in the same way as if it had suffered refraction by a prism. If in a 
second experiment a glass disc were used, in which the density of the 
medium were greater at the centre than at the edges, it would be seen 
at once that a parallel beam of light incident normally on the surface 
would be delayed at the centre of the disc, so that the plane wave front 
would gradually become more and more concave, finally emerging as a 
convergent beam to focus approximately at a point. In spite of the 
fact that the disc had parallel surfaces, it would be found to have be- 


2 
> 
5 
7 * 
* 
4 
* 
1 * * 
1 
he 
res 
22 
— 
2 
Be 
4 
rt 
\ 
* 
* 
4 
= 
* 


SOCIETY, MAY 10, 1919. . xi 


haved like a convex lens. Now this is the case met with in the crystalline 
lens, with the exception that the external surfaces of the disc are them- 
selves formed into convex surfaces, and this effect is therefore additional 
to the refraction of the different lens layers taken separately, and may 
be held to explain the short focal length without necessitating that 
the curvature of the nucleus is such that the peripheral layers are 
menisci. 


In support of this view the following figure may be given: 
Focus of lens, assuming structure uniform a 13-7 D. 
Additional power due to modification of wave front 8-6 D. 
Total 22-3 D. 


But the focus of lens as obtained by experiment is 23 D., and there 
is thus a difference between calculation and experiment of -7 D. an 
amount easily accounted for when the approximate nature of the lens 
constants is taken into 9 


Histology of nerve regeneration and of muscle atrophy. By 
J. N. Laxolxx. 


When a nerve is cut and some weeks later the neurome is treated 
with Golgi-Cox fluid for some months, sections show, amongst the out- 
growing axons, a number of cells with processes often of considerable 
length. The part of the nerve immediately proximal to the point of 
section shows rounded or polygonal cells. The deep impregnation of the 


- cells suggest that they are neuroglia and not mesoblast connective tissue 


cells. 

It is known that not long after denervation of muscle, a galvanic 
current causes a slow contraction instead of a quick contraction. It is 
commonly said that on denervation the sarcoplasm increases in amount, 
and that the slow contraction is a sarcoplasmic contraction. In sections 
of denervated muscle, when the slow contraction is first obtained, there 
is some increase of sarcoplasm around the nuclei, but by the methods at 
present in use there is no obvious increase of sarcoplasm throughout 
the muscle fibre. The mass of the fibre still consists of cross striated 
fibrille. Either, then, the fibrille have ceased to contract at all with 
galvanic currents, which I think most unlikely, or they contract and 
relax slowly, In the latter case, it is unnecessary to * that the 
slow contraction is sarcoplasmic. 
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Toxicity of some inorganic substances to the paramecium. 
(Preliminary communication.) By N. MoCrxLaxD and 
Captain R. A. Perers, M. C. 


As many other observers have found (cf. Mines! and Dale’), a com- 
parison of the effect of various metals is difficult, because their salts 
behave differently in aqueous solution, especially at the neutral point. 
Some are soluble only in solutions of Py < 50, a Py which by itself will 
kill parameecia in 3%. In the case however of the most toxic substances 
such as mercury and copper there can be no doubt that the toxicity is 
mainly due to the element. 

The following experiments have been included in this preliminary 
communication as they were done upon the same cultures and under the 
same conditions as the former experiments*. They are now being com- 
pleted and the discussion will be left until further work is done. There 
is a slight suggestion of a periodic rise and fall in toxicity with increase 
of molecular weight, thus V—Mn—Fe—Ni—Co—Cu, also Ag—Cd—Sn 
and Hg ITI( ie) Pb seem to form such a series. The most toxic metals 
are divalent. 

Toarecity. Some inorganic salts. 
The solutions were used unneutralised, as in many cases a precipitate appears at 


Mines, This Journal, 40. 327. 1910. 
2 Dale, This Journal, 46. 129. 1918. 
* McCleland and Peters, This Journal (Previous communication). 


neutralisation. The culture has a slight buffering power. Where death is due to acidity, 
it is stated in the remarks column. i 
Element Salt Toxicity Remarks | Element Salt Toxicity Remarks 
Li (6-9) Lidl M/10 — | As (749) M/300 (e Acidi 
40 (10% AgNO; M 
Fe (55°8) M/590 (Acidity). | 82 (115.7) M/150. (Acidity). 
FeSO, M/53 — Ba (187-4) M/12 
Co 58°9 Co(Ac), — la (1890) M/200 
Ni (58-7) Nich M/14 — e M/222 — 
Ou (63°6) — Tua (160 Kray, 1/000 
Gon — 00% HigBr, M/4800 — 
47870 142 — (2824) — 
U (238-2) M/900 ( Acidity). 
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Modifications of Bielschowsky’s method for the study of the 
cerebellum. By C. Da Fano. 


The original Bielschowsky method and the modification I lately pro- 
posed (Journ. Physiol. 1919, 52. p. lvii) not having given quite satis- 
factory results in the study of cortex cerebelli an attempt was made to 
elaborate new modifications suitable for this tissue. 


The starting point of my researches was the well-known fact that in Bielschowsky’s 
method the staining fails completely if the sections, after washing, are placed in the ammo- 


_niacal AgNO, without being previously transferred into an ordinary AgNO, solution. In 


other words the 2 % AgNO, acts as a mordant for the ammoniacal AgNO,. Hence I 
decided to reinforce the action of the first AgNO, bath to obtain better results in such a 
difficult object as the cerebellum. For this purpose sections were kept for about 24 hours 
in a 2-3 % AgNO, solution at the temperature of 36-37 C.; and afterwards treated as in 
the already published modification. The results were much more satisfactory though not 
quite constant and complete. 

Fresh investigations were consequently made to establish if the action of the ordinary 
AgNO, solution could be still further reinforced by the use of some other reagent. The 
choice fell naturally on pyridine and formalin, the former because already used by 
Bielschowsky, the latter because essential in the execution of this method. After various 
experiments I was able to establish that if the sections, after washing in “ redistilled water, 
and before putting into the 2 % AgNO, solution at 37°C. are placed in a solution of 
pyridine (50 %) or in successive baths of formalin and pyridine, the results are far more 
constant. 

On account of the present difficulty in getting chemically pure pyridine various attempts 
were made to replace it with some other reagent, and methyl alcohol proved to be the most 
suitable. As however the preparations got by treating the sections with methyl alcohol 
and formalin differ in some details from those obtained after the pyridine treatment, all 
the modifications arrived at are here separately described. 

To avoid confusion the present methods will be indicated as Mod. 3, Mod. 4, etc., 
reserving the term Mod. 1 for that of 1914, and Mod. 2 for that communicated at. the 
January meeting. Nothing has been changed in regard to the long fixation of the material 
in formalin and the use of water redistilled over potassium permanganate. 

In the present modifications, however, the washing of the pieces and sections may be 
reduced by half the time indicated in my last paper. It is also advisable to make relatively 
thicker sections (15-25), which must be kept in the ammoniacal AgNO, solution diluted to 
40 C. c. for 25 to 30 minutes. 


The present methods may be summarised as follows: 

Mod. 3. Place sections, after washing in “redistilled water,” in a 
2-3 % AgNO, solution at 36-37° C. for about 24 hours; wash quickly; 
stain in ammoniacal AgNO, solution, diluted to 40 c. c., for 30 minutes. 
Wash, reduce, tone and mount as usual. This modification is particularly 
suitable for human material of young individuals. 

Mod. 4. Place sections in a 50 % solution of pure pyridine for 6-18 


hours; wash in “redistilled water for 24~48 hours according to the 
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thickness of the sections; AgNO, 2 % at 37° C. for 24 hours etc. as in 
Mod. 3. This modification has given good results in adult subjects (man, 
monkey, dog, cat, rabbit). Purkinje’s cells and their processes are 
particularly well stained. 
Mod. 5. Place sections in pure pyridine for 4-12 hours. Wash in 
“redistilled water” overnight. AgNO, 2 % at 377 C. ete., as before. 
Mod. 6. Sections are treated first with formalin 20 % and then with 


pure pyridine in the reverse order of Mod. 5. 


Mod. 5 and 6 are particularly useful for the study of the fine neuro- 
fibrillar structure of the different elements of the cortex cerebelli and 
for the staining, always very uncertain, of the granules. Mod. 5 is 
preferable for thick sections, and Mod. 6 for very delicate ones, made 
more resistant by the formalin bath. A mixture of equal parts of for- 
malin 20 % and pure pyridine has given good results in the cortex 
cerebelli of monkeys, but it is, as a rule, very capricious. 


Mod. 7 and 8. The same as Mod. 5 and 6 but replacing the pyridine 


with a mixture of 3 parts of methyl alcohol (free from acetone) and 
2 parts of water. 

Mod. 9. Place sections in a mixture of equal parts of formalin 20 % 
and methyl alcohol for 24 hours; wash in redistilled water for 6-24 
hours. AgNO, 2 % at 37° C. for 24 hours, etc., as before. 

Mod. 7-9 are particularly suitable for the study of the pericellular 


- baskets and nervous processes which in the quite finished preparations 


stand out by reason of their blackness contrasting with the grey-mauve 
of the bodies and protoplasmic processes of Purkinje’s cells. The con- 
trast may be increased by keeping the sections, instead of 24 hours in 
2% AgNO, at 37°C., for 48 hours in a AgNO, solution of the same 
concentration but at room temperature. In this case the paleness of the 
bodies of Purkinje’s cells is still greater. A slight counterstaining with 
diluted lithium carmine and picric acid, as described in my former paper, 


is mostly desirable here. This method may be advantageously used for 


studying the relations of the basket-fibres with the bodies and axons of 
Purkinje’s cells as well as with the elements of the granular layer. 
Mod. 10. Place sections in formalin 20% for 24 hours; transfer 


them without washing into a mixture of equal parts of formalin 20 > 
and methyl alcohol as in Mod. 9. This method gives very complete 


stainings and is the most certain of all. As however the preparations are 
fairly dark, it is advisable to use it when a general view of the structure 
of the cortex cerebelli is particularly wanted. | 
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| Chemical constitution and physiological action. The toxicity 
of some organic metal derivatives and some other or- 
ganic substances. (Preliminary communication.) By Captain 
N. Mom and Captain R. A. Perers, M. C. 


The relation of chemical constitution to physiological action has been 
tested by comparing the relative strengths of various substances in 
aqueous solution needed to kill paramecia in a standard time (three 
minutes). 

Method of experiment. The cultures of paramoœcia were made by 
infusing hay in tap water; and the comparative experiments were. done 

; on the same fresh culture as far as possible to avoid errors due to change 
olf condition of the paramoœcia. Such change of condition certainly occurs. 
It is associated with a fall in H ion concentration of the culture medium, 


) Table I. Arsenic and Antimony organic derivatives. 
U. =unneutralised. N. = neutralised. 
Aliphatic Series : Aromatic Series: 
Prinary-saturated chloride (and bromide). Primary-chloride. 
Methyl dichlorarsine * Phenyl dishlorarsine 
„ M/ 1s M/126 | OgHgAsCl, ... -M/1120 
Ethyl dichlorarsine _ | P-chlor phenyl dichlorar- 
M/1%7 M/70 sine ... M/ 1510 M/ 140 
Bthyl dibromarsine Phenyl dichlorstibine 
„ M/%31 M/143 | „ 1/8800 
Phenyl arsenious oxide 
CH, M/326 M/218 CgHsAs0 M/2750 M/2750 
Secondary chlorides ete 
chloride. pDiphenyl fluorarsine 
a Chiorvinyl dichlorarsine .. M/173 M/68 (CgH,)oAsF ... M/ 10300 M/18700 
a Secondary-saturated chloride. Diphenyl chlorarsine 
(CgH,),AsCl M/14700 M/14700 
„ | Diphenyl bromarsine 
... M/14700 M/12300 
-saturated oxide. Diphenyl iodoarsine 
> Dimethyl arsenious oxide... M/1180 M/1180 | .. ... M/10800 M/9400 
Di- o- tolyl chlorarsine ... M/5500 M/3940 
Secondary aaturated cyanide. Di-p-tolyl chlorarsine ... M/7500 M/6100 
Dimethyleyanarsine =... M/2080 M/2080 | piphenyl chlorstibine ... M/47500 M/86400 


Ethyl chlorvinyl chlorarsine M/2240 M/2240 | Dipbenyl arsenious oxide M/55000 *M/55000 
In terms of arsenic mol. =2 atoms. | 
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and a rise in the sensibility of the culture to mercuric chloride and other 
toxic substances. The matter is being further investigated. The experi- 


ments were made by D. Dale’s method! of mixing the cultures and 


aqueous solutions in a watch glass, adding them from capillary pipettes 
fitted with rubber teats. The concentrations given are those of the final 
mixture. In the case of a substance like diphenyl chlorarsine, decom- 
posed in forming an aqueous solution, a standard saturated solution was 
made and the arsenic content estimated by Capt. P. Murphy, Chemical 
Laboratory. The solution was then considered for purposes of comparison 
to contain the theoretical concentration of diphenyl chlorarsine, as calcu- 
lated from the arsenic content. The solutions made up for the most 
part were very acid (PA 20 40). The toxicity was found for the un- 
neutralised solution, and also for the same solution neutralised to P, = 74 
by adding N/10 NaOH. 

In many cases the toxicity is practically the same for neutralised 
and for unneutralised solutions, making it clear that death is not due to 
a high hydrogen ion content. | 


Table II. Some other organic substances. 
v. N. 
-Chioropicrin ONO, M/11750 M/11750 


a-Naphthol CO 1600 M/1800 
N 
Naphtho! M/1000 M/1000 
OH 


M/500 M/1000 
Carbolic acid 0H M/40 M/40 
Phenylurethane (OgH,.NH. (not toxic) 
Pyridine 


Though the data are only at present aan to be suggestive, 220 
following seems approximately true for similar compounds: 
(a) Primary compounds are less toxic than secondary. 
(6) Aliphatic aromatic. 
(c) Arsenic antimony. 
With the arsenic compounds the oxides are more toxic than the 
chlorides, presumably because in solution they each hydrolyse, the Asana 
ducts of hydrolysis being the toxic products. 


1 D. Dale, This Journal, 46. 129. 1913. 
2 P,, =BSérenson’s notation. 
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; difficult, but would seem to point to the limit being an optical one. 
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The limit to peripheral vision. By H. HanTR Dan. 


Measurements of the limits to the visual fields by means of the peri- 
meter gives results which are as a rule considerably less than an angular 


zone of 90 degrees with the optical axis. If, however, a bright light is used, 


it is found that the fields extend considerably beyond 90 degrees, and 
that this is the case for all colours, and also for all meridians of the eye, 
if the gaze be so directed that the features do not obstruct the entrance 
of the light rays. If an observer examines the appearance of the pupil- 
lary aperture of an eye at an angle of approximately 100 degrees it 
will be seen that the opening through which pencils of light can enter 
the eye is considerably smaller, owing to its narrowness, than that 
through which rays near the optic axis enter. This explains why 
relatively bright sources of light have to be used in order to find 


the true limit, and explains also why restricted fields are found by 


means of the ordinary perimeter in which the light sources are of low 
intensity. | 

That rays can enter the eye at angles greater than 90 degrees with 
the optical axis is a fact of considerable interest. If the bundle of rays 
be traced into the eye it will be seen that these large angles are obtained 
principally by the considerable refraction which occurs at the anterior 
corneal surface as is shown diagrammatically in Fig. 1. 


Fig. 1. 


Experiments to determine the extreme limit to peripheral vision 
give values of approximately 104 degrees and the question arises as to 
whether this limit is due to inability on the part of the rays striking 
the cornea to enter the eye and form images on the retina, or because 
the images which are formed fall on an insensitive part of the retina. 

Experimental determinations to answer this question are admittedly 
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It is of interest to briefly enquire into the possible utility of this 
extremely peripheral vision. In the case of animals in which the eyes 
are placed on either side of the head, and probably in all birds, the peri- 
pheral rays from the two eyes cross at a short distance from the head, 
so that the visual fields of the two eyes overlap in such a way that there 
is no direction which corresponds to an absolutely blind zone. Owing to 
this fact the chance of approach by enemies unseen is made exceedingly 
remote. The overlapping of the fields is shown diagrammatically in 
Fig. 2 a, and at b is shown the case in man. It will be seen that when 
the visual axes are directed forward observation can be made at a con- 
siderable angle in the rear, and this can be greatly increased if the gaze 
be directed to either side. * 


* 
MAN BIRO 
Fig. 2. 


Another point of importance with regard to peripheral vision is 
shown diagrammatically in Fig. 1, for if a line parallel to the incident 
ray be drawn to the anterior nodal point and then another line parallel 
to the first be continued from the posterior nodal point to the edge of 
the eyeball, it will be found that the ray does not reach the retina. In 
order that it should do so the nodal points must be placed considerably 
behind the lens as shown at N’ in Fig. 1. The nodal points would 
therefore appear to recede as the obliquity of the entering pencils is 
increased. 
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Natural arrest of hemorrhage from a wound. By Joun Tarr. 


The blood contributes in two different ways towards arrest of 
hemorrhage from a cut vessel. Firstly, certain of the cells agglutinate 
at the cut end so as to form a plug; secondly, the plasma undergoes 
coagulation. | 

Contact of the blood with an ordinary foreign body, such as glass, is 

sufficient to induce coagulation (Lister), while contact with a material, 
like vaseline, to which the blood does not adhere, fails to cause coagula- 
tion (Freund). Placed with due precautions on a Nasturtium leaf, which 
is not wetted by water, blood does not clot. 
The way in which non-greasy, or water-wettable, foreign matter 
induces coagulation is by affording a suitable physical surface to which 
the labile platelets or spindle-cells as the case may be (thigmocytes) can 
adhere. Such adhesive cells are present in every blood and are highly 
phagocytic towards minute particles of non-greasy foreign matter. 
Experiment shows that in order to induce cytolysis of these cells, which 
in turn allows thrombin to exude from them, the appropriate foreign 
matter must be presented in the form of a single surface, or single sur- 
faces, of adequate dimensions, cytolysis following only upon undue 
stretching of the cell in its “effort” to ingest. In contact with a greasy 
surface these cells remain unchanged and no thrombin exudes. 

The thigmocytes of vertebrates remain fixed in form—in some cases 
they even take on a more attenuated spindle shape—when anticoagulants 
are added to the blood. Oxalated spindle-cells of the frog retain their 
shape in contact with glass; so soon as calcium is added in excess to the 
oxalated blood they adhere to the glass and undergo cytolysis (Pringle 
and Tait). The spindle-cells of birds’ blood are peculiar in that, even 
under normal conditions, they fail to adhere to an ordinary foreign sub- 
stance such as glass. 
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From these experiments and from other published work (cf. especially 
that of Cramer and Pringle on blood coagulation) we reach the con- 
clusion that “prothrombin” is nothing more nor less than the thigmo- 
cytes of the blood. | 

Tissue-extract (thrombokinase) when filtered through a Pasteur- 
Chamberland filter is powerless to cause coagulation: the active sub- 
stance in this material is either composed of or is bound up with the 
presence of suspended matter. The suspension acts however in a different 
way from one of ordinary non-greasy solid material, for in subdivision of 
a fineness that is just visible with an oil-immersion lens it is enormously 
potent in causing intravascular coagulation when injected, whereas 
powdered glass or quartz in equally fine subdivision can be injected in 
unlimited amounts without causing coagulation (injection of a coarser 
quartz suspension causes coagulation). The precipitation reactions of a 
suspension of thrombokinase are likewise quite different from those of 
a suspension of ordinary non-greasy insoluble matter. 

In natural arrest of hemorrhage from a wound the primary event is 
local adhesion of the above-mentioned labile cells in the form of an 
agglutinum, which plugs the cut end of the vessel. By adhesion to the 
extra-endothelial edge these cells acquire adhesiveness to other un- 


altered cells of the same kind (sometimes to blood corpuscles of other 


kinds as well), and so on in succession; in this way the plug is built up. 
It is of interest to note that that variety of cell (the thigmocyte) cytolysis 
of which causes coagulation of the blood, is likewise the one responsible 
for formation of the plug. Consequently, in two different ways one and 
the same kind of cell contributes to arrest of the hemorrhage. The facts 
have an obvious bearing upon our interpretation of the phenomena 
associated with hemophilia and with intravascular thrombosis. - 


On the cause of the polar reversal in the reaction of degeneration. 
By J. N. Laney. 
The explanation that is usually, and reasonably, given of the fact. 
that in unipolar stimulation of the motor point in normal muscles in 
man, the cathodal closure contraction is in most cases obtained with a 


_ weaker current than the anodal closure contraction, is that the current 


is denser at the cathodal points of the nerve fibres with CCC than with 
ACC. On the same lines the approximate equality of CCC and ACC 
usually found in short muscles is reasonably explained by the density of 
— at the cathodal points of the nerve fibres being approximately 
eq 
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No satisfactory explanation has however been given of the fact that 
the order of effectiveness of CCC and ACC is commonly reversed two to 
three weeks after the muscle nerve is severed. The variations of current 
density in the denervated muscle is the same as in the normal muscle, 
so that on the theory that the different density at the cathodal points 
in nerve fibres causes CCC to be greater than ACC, the different density 
of the current in muscle fibres should also cause CCC to be greater than 
400. Indeed in muscle fibres the effect of CCC would probably be in- 
creased relatively to ACC in consequence of the greater parallelism of 
muscle fibres than of nerve fibres. The suggestion that the reversal is 
due to a growth of sarcoplasm and that in sarcoplasm the contraction 
at the make starts from the anode, has been abandoned since when a 
small electrode is applied to the exposed surface of a denervated muscle, 
the contraction at the make has been observed to start from the cathode. 
Moreover at the time when the reversal begins there is no great increase 
of sarcoplasm, and the fibrille have not obviously alfered except in size. 

There is good evidence from experiments on animals that the muscle 
just beneath the nerve ending (neural region of muscle) is more excitable 
than elsewhere (general muscle substance). The nerve enters the muscle 
on its deep surface and in some of the muscles of the frog, it can be seen 
that the majority of the nerve endings are on the deep surface of the 
muscle. On the assumption that these facts hold for man, the reversal 
can be accounted for (cp. Fig.). With ACC the neural region is a cathode, 
and with CCC the general muscle substance is the cathode. In conse- 
quence ACC will be greater than CCC. The increase of ACC relatively 
to OCC which goes on for some time may be referred to an increase of 
excitability of the neural region (or to an increase relatively greater than 
that of the general muscle substance). There is evidence of such increase 
in the action of nicotine and physostigmine on denervated striated — 
muscle, and an analogy for it in the action of adrenaline on dener- 
vated unstriated muscle. 


+ — 


3 
Acc ccc 


Fig. I. Diagram of excited points in ACC and CCC in denervated muscle. 


The theory accounts also for the usual absence of reversal when the 
active electrode is placed on the tendon or end of the muscle instead of 
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on the motor point. In this case approximately as many neural regions 
will be cathodal points in CCC as in ACC. 

On this theory, then, the variations in effectiveness of CCC and ACC 
whether in normal or in denervated muscle are due to (1) variations in 
density of the current in the deep and superficial part of the nerve- 
muscle complex, (2) the relative excitability of nerve and muscle, and 
the distribution of the nerve in the muscle, (3) the relative excitability 
of neural region and of general muscle substance and the position of the 
neural regions with regard to superficial and deep surfaces of the muscle 
fibres. In all cases the threshold stimulation on closure of the current is 


from the cathode of the structure excited. 


Demonstration of a new method of recording the pressure in 
the pulmonary artery. By E. SHarpey Scuarer and Miss 
May WALKER. . 


The method consists in exposing the heart and inserting a special 
cannula into the pulmonary artery through the wall of the right ven- 
tricle, the cannula being secured by a purse-string suture. The aperture 
in the thorax is then occluded, artificial respiration stopped and natural 
respiration resumed. (Occlusion of the thorax must be effected during 
full expansion of the lungs.) Another cannula is inserted into the carotid 
artery, and simultaneous tracings are taken of aortic and pulmonary 


pressures. The pulmonary pressure is registered by a piston - recorder 


which is connected with the open end of a water manometer, the aortic 
pressure in the usual way by a mercury manometer. Respiration is 


recorded by tambours. The method is described by one of the authors 


in a recent number of the Quarterly Journal of Experimental Physiology, 


but with the difference that the pressures are taken with the thorax 


closed and under conditions of natural respiration. If rabbits are used, 
the whole operation can be performed without opening the pleura. 


The fate of foreign particles injected into the blood stream. 


By Joun Tarr and Mrs MoCarrney. 


When Indian ink is injected in large amount into the blood vessels of 
a mammal it is rapidly swept out of the blood stream. An hour after 
injection the blood is free of ink, and so are the organs, with the exception 
of the spleen, the liver, the bone marrow, the lung and the kidney. In 
the last two sites, which are inconstant, the pigment forms capillary 
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thrombi, which later tend to be displaced from their temporary lodg- 
ment; in the first three sites, where pigment is invariably found, the 
particles are ingested by phagocytic cells lining contained vessels, and 
here they long remain in situ. It is probable that the reacting vessels in 
the latter group of organs are sinusoids, though all sinusoids are not 
possessed of the power of arresting particles, e.g. those of the suprarenal. 

One interest of such experiments is the light they throw upon 
diseases, e. g. malaria, typhoid, kala azar. characterised by the liberation 
of organisms etc. into the blood. The pains associated with attacks of 
recent malaria have been investigated and have been found to be refer- 
able in chief part to regions containing bone marrow. The characteristic 
pains of small-pox might similarly be accounted for by involvement of 
marrow. 

The capillary thrombi found in the kidney are situated exclusively 
in the glomeruli and in the afferent vessels to the glomeruli. The method 
therefore lends itself to experimental plugging of part of the renal vas- 
cular system. Occlusion of the glomeruli brings about, within a few 
hours, all the microscopic appearances of acute nephritis, hemorrhage 
into Bowman’s capsule, disintegration of tubular cells, hyaline casts etc, 


On the effects of section of both vagi in the neck ; and of section 
of both cervical sympathetics in successive operations. 
By E. SHarpry Scnarer. 


A eat was exhibited in which (I) a preliminary experiment of electro- 
cauterisation of the thyro-arytenoid ligaments had been performed, in 
order to prevent their falling together after section of the inferior 
laryngeal fibres, (2) both vago-sympathetic nerves had been successively 
cut, one on 7th April and the other on 5th May, i. e., the one two months 
and the other one month previously to the meeting. Except for the loss 
of voice and for the symptoms resulting from section of the cervical 
sympathetics the animal appears perfectly normal. The respirations are 
quite unaffected ; although immediately after section of the second vagus 
there was a temporary slowing and deepening. The lower end of the 
cesophagus is of course paralysed, but this does not interfere greatly with 
swallowing; at any rate the animal feeds freely and is quite well nourished. 
The result of the first operation, viz., section of the left vago-sympa- 
thetic, was to cause the left pupil to become strongly contracted, the 
‘membrana nictitans to be protruded and the left ear to be distinctly 
warmer than the right. These symptoms continued until 5th May, when 
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the right nerve was cut. The result of thig second section was to produce 
the same symptoms upon the right side; but, concomitantly with their 
appearance, those upon the left side completely disappeared and were 
even reversed, i. e., the pupil became dilated more than normal, the 
palpebral aperture larger and the ear vessels contracted. These differ- 
ences between the two eyes and ears remained well marked for eight 
or nine days; since then it has been gradually disappearing although 
still very evident. | 

A second cat was shown with the cervical sympathetic fibres cut 
successively with an interval of 4 days, the vagal fibres being included 
on the second side. The same changes resulted in the eye and ear as 
those which appeared on section of the vago-sympathetics in the first cat, 
but by the following day the signs of sympathetic severance had re- 
appeared on the first side, although seen to a less extent than on the 
second. 

In a third cat which was shown to the Society the interval between 
section of the sympathetic fibres was only two days. In this animal 
the section on the second side did not cause disappearance of the 
symptoms resulting from the first section, although they were slightly 
less distinct than on the more recently cut side. 

In these two cats the second section had been made the day before 
the meeting. | 
Fiour rabbits were also shown which had suffered successive section, 
at varying intervals, of the cervical sympathetic, two with and two 
without removal of the superior cervical ganglia. In these the disap- 
pearance of the eye symptoms on the side of the first operation is not 
evident; and the ears on the two sides also appear to be of about the 
same temperature in two of the animals. But in the other two (one a 
section, the other a ganglion-extirpation) the disappearance, after the 
second operation, of the dilatation of the ear-vessels which was produced 
by the first, was strikingly shown. 


The physiological cost of marching measured by CO,. By A. D. 

The work of marching can be most readily gauged by measuring the 
amount of OO, exhaled during its progress. I have recently taken 
observations of this nature upon two healthy subjects—Lieut. W. and 
Lieut. 8. with the following results—the marching being carried out at 
various rates round a circular horizontal path measuring 216 metres 
per lap. | 
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Lieut. W. aged 25 years, weighing 73 kilos.: 


Speed 
per sec. 2 * per sec. Kgm/CO, Kgm For) 
1-80 4-03 18 0.0. 70 ‘ @14) 
3°21 7°20 52 „ 44 (0°23) 
Lieut. S. aged 23 years, weighing 73 kilos.: 
178 391 17 e. o. 75 (0°13) 
3°55 794 57 „ 4˙ (0°22) 


The mechanical value of the work done in horizontal marching is 
unknown, its physiological cost is ascertained in terms of CO, exhaled. 

The physiological efficiency of the subjects was estimated by taking 
the CO, exhalation for periods of 30 secs. during and after ascent of a 
staircase of known height at measured speeds of approximately 20 
metres vertical ascent per minute. The results were as follows: 

Lieut. W. performed “staircase work” = 27-3 Kgm.’s per sec. at a 
net cost of 27-6 C. c. CO, per sec., his Kgm./CO, quotient was therefore 343 
or practically 1 and his physiological efficiency (assuming R. G. = 0-85) 
was practically 40 p.c. 

Lieut. S. performed “staircase work” = 22-5 Kgm.’s per sec. at a 
net cost of 24-2 c.c. CO, per sec. his Kgm./CO, was therefore 0-93 and 
his physiological efficiency (assuming R.Q. = 0-85) was 37-2 p. o. 

The results of observations of the CO, discharge of Lieut. W. at 
various speeds of marching are given in the following graph. The i 
speed 3°9 m.p.h. in this observation is substantially the same as the 
speed 4°03 quoted in the text from another observation. | 
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Lieut. W. and Lieut. S. at a quick marching speed of approximately 
4 miles per hour expended matter at a cost of approximately 20 b. o. CO, 
per seo. , i. e. at about the same physiological cost as that incurred by a 
dock labourer at work. 

“ At the double” i.e. running at 7 to 8 miles per hour the cost as 
indicated by CO, is more than doubled, it is at least three-fold. 


Note. A man weighing 70 kilos walking at a speed of 2 metres per 
second carries 70 kos, 2 m., and is said to have done 140 kilogram- 
metres per second. The expression kilogrammetre, used in this 
connection and can be misleading if its indeterminate mechanical 


value is not clearly recognised. 


The effects of thyroid extract on tadpoles. By R. K. S. Lim. 


A number of tadpoles of Rana temporaria were shown which had 
been kept in water to which a small amount of extract of dry sheep’s 
thyroid had been added (20 c.c. of a 2 p.c. solution to each litre): as well 
as others of the same spawning kept under ordinary conditions and used 
as controls. 

The effect of thyroid extract in causing precocious metamorphosis— 
which has been described by Gudernatsch and others as the result of 
feeding with thyroid—is well seen; and microscopic sections which were 
also exhibited show the concomitant changes which occur in the viscera, 
as well as a remarkable number of mitoses indicative of rapid cell pro- 
liferation. 
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Regulation of acid-alkaline balance in blood and tissues. 
Carriage of carbon-dioxide and causation of acapnia and 
shock. By Moore, James M. MoQueen and 
T. ArtHuR WEBSTER. 


The hydrogen-ion concentration in the blood and cells of the body 


is regulated by a complex system of crystalloids and colloids of which 
the most important constituents are proteins, carbonic acid and sodium 
bicarbonate. The most variable factor is the carbonic acid, but on 
account of the presence of the amphoteric proteins the variations in 
concentration of carbonic acid produce quite different effects from 
similar variations in a protein-free medium. 

All the carbonic acid contained in serum can be removed by bubbling 
air freed from carbon-dioxide through it. This carbon-dioxide can be 
easily caught in free alkali and thus the amount of carbon-dioxide in 
serum can be readily estimated. This cannot, be done in the case of an 
isotonic solution of sodium bicarbonate. 

As the carbon-dioxide is removed the serum steadily becomes more 
alkaline, and the caustic alkali which would otherwise be set free unites 
with the protein. This prevents more rapid concentration of hydroxyl- 
ions and thus the proteins act as “buffers” or “regulators.” 

Within viable limits similar changes occur. For example, between 
pressures of carbon-dioxide of 10 and 80 mm. of mercury, serum takes 
up, or gives out, three times as great a volume of carbon-dioxide as a 
corresponding isotonic solution of sodium bicarbonate, and the swing of 
hydrogen- and hydroxyl-ion concentration is only about two-thirds the 
amount. 

The regulatory action of serum is about ten-fold that of an isotonic 
solution of sodium bicarbonate, and of whole blood about twenty-fold. 
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Between the two values of partial pressure of carbon-dioxide of 
60 mm. and 33 mm. respectively, serum can take up, or give out, 5-7 
volumes of carbon-dioxide per 100 C. c. of serum. It thus appears that 
the exchanges in lungs and tissues depend upon this inter-action between 
carbonates and proteins. 

Sodium bicarbonate and proteins do not exist free in blood or tissues, 
but in a state of adsorption, or labile chemical union, and there is a 
stochiometric, or molecular, relationship between the two constituents. 
This equilibrium varies with the partial pressure of carbon-dioxide and 
as this pressure falls blood and cells become more alkaline. At the same 
time the state of aggregation and osmotic pressure of the system change, 
this finds physiological expression in apnea, acapnia and shock. 

Such a condition of alkalinity occurs when for any reason the pressure 
of carbon-dioxide in blood or cells becomes reduced as, for example, 
(i) after hemorrhage, (ii) after forced breathing, (iii) in ascents to high 
altitudes and in all reduced partial pressures of oxygen, or (iv) in re- 
duction of volume of blood in true circulation, as in surgical shock. 

It is incorrect to speak of such conditions as “acidosis,” the con- 
dition is one of alkalosis, and the reduction in so-called “alkali reserve, 
observed when the serum is brought into equilibrium with a given 
percentage of carbon-dioxide, is due to a fight of the system against the 
enhanced alkalinity and the removal of alkali by diffusion into cells, 
and excretion by kidneys. Although titratable alkali as carbonate is 
reduced the level of free alkalinity is much increased, due to the removal 
of the carbon-dioxide; this change plays in upon the colloidal equilibrium 
of the cells and is the primary factor in causing the physiological effects. 


Adrenalin in Annelids. By J. F. Gasket. 


The Hirudinee and certain other Annelids possess nerve cells in their 
central ganglia which give the chromaffine reaction, a yellow stain with 
chrome salts. This is in vertebrates always associated with the presence 
of adrenalin. These cells reach their highest development in Hirudo 
medioinalis. An attempt was made to obtain an extract of the central 
ganglia in order to see whether any physiological reaction could be 
obtained similar to that of adrenalin. The nerve cords of a number of 
leeches were removed under a dissecting microscope, by opening the 
ventral sinus, in which the cord lies, and cutting through the lateral 
nerves as near to the ganglia as possible. Each ganglion was then cut 
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away from its connectives and placed immediately in a watch glass, 
which was kept in a desiccator. About 400 ganglia were thus collected. 
As the amount of material was extremely small, the physiological test 
used was the inhibition of the virgin uterus in the cat. Dr H. H. Dale 
kindly assisted me in carrying out the test. The uterus was suspended in 
Ringer’s solution and a sufficient amount of histamine was added to the 
bath to give it a strength of one in three millions, to produce good tone 
and rhythm. An extract of the ganglia was made by grinding them up 
with sand in 2 c.c. of Ringer's solution. At A the 2 Cc. c. of extract was 


added to the bath with the result that a distinct lowering of tone and 
diminution of rhythm took place. Similar experiments with extremely 
dilute solutions of adrenalin gave a much stronger inhibition when 
1/2000 mg. was added to the bath but a smaller inhibition when 1/20,000 
mg. was added. The extract therefore contained an amount of adrenalin - 
lying between 1/5000 mg. and 1/10,000 mg. The experiment thus 
supports the view that these nerve cells contain adrenalin. They are 
possibly the common ancestors of both the adrenalin secreting tissue of 
vertebrates and the sympathetic nervous system. Their presence in the 
Annelid kingdom is always associated with a definite muscular-walled 
contractile vascular system, whose correspondence with the heart muscle 
of the vertebrate I have discussed in a previous paper’. 


1 Gaskell, J. F. Phil. Trans. Roy. Soe., 1914. B. p. 153. 
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An examination of the mechanical efficiency of a healthy adult 
(T. . P.) by his CO, discharge. By A. D. WarLxn and G. Dz 
DECKER. 


The following observations form part of a determination of the 
physiological cost of marching, as compared ‘with that of a known 
amount of work, i.e. raising the body to a given height, and work upon 
Martin's bicycle ergometer'. The observations have been carried out 
at Cambridge and in London by G. De D. upon Mr T. R. Parsons, who 
has been good enough to act as subject. 

Part 1. The mechanical efficiency of T. R. P. as determined by a 
bicycle ergometer worked at 30, 60 and 92 steps per minute“, brake at 
54 Ibs. CO, measured at 5th, 7th, 9th and 11th minute of work. 


30 steps per minute. 55 Ibs. brake (=6-8 kgm. per coc. ). 


c.c. Exp. o. o. 
Bags Time Ventilation Air 9 00, per cot 
5th min. I 55 20-5 ~ 373 16-4 
ith „ II 55 20-9 380 4-2 16-0 
9th „ III 55 23-0 418 4-2 17-5 
llth , IV 50 21-5 430 4-2 1 
. 679 
rte Av. 16-97 (net 12-97) 
= 052. — 100). 20-8 %. 
kgm. 
60 steps per minute. 5} lbs. brake (= 13-6 kgm. per sec.). 
c.c. Exp. 0.0. CO 
Bags Time Ventilation Air % C0, per bed. 
5th min. I 40 23-0 575 40 23-00 
7th , U 40 25-0 625 4-2 26-25 
, oh „ III 35 24-5 700 4-0 28-00 
lith „ IV 30 22-0 733 3-8 27-85 


165). Eff. 23-2 0% 


22-3 
92 steps per minute. 5} lbs. brake (=20-85 kgm. per sec.). 
o. Ex 
Bag⸗ Time Ventilation C0 
30 22-5 750 4-4 33-0 
oth „ III 30 23-7 790 46 36-3 
llth „ IV 25 22-0 880 4-4 38-7 
Av. 34°75 
v. 75 (net 30-75) 
2086 CO, 
G0. Eff. 26-8 %. 
Proc. Physiol. Soc. February 14th, 1914. 


* 60 steps = 195 revolutions =357-5 yards = 326-9 metres at 5-5 Ibs. brak 2 
=815-6 kgm. per min. or 13-6 kgm. per sec. . 
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Part 2. The CO, discharge of T. R. P. (weight = 65 k.) during five 
gecents of a 20 metre staircase was measured during the meeting of 
June 21. Each ascent occupied approximately one minute, each 
descent (by lift) during which the subject was at rest also occupied one 
minute, so that the rhythm was one minute’s work, one minute’s rest. 
The respiration samples are collected during the second half of each 


—— 


ascent. 
v 
& Time sample Litres o. 0. per S 9% . 0. per sec. 
* 0 At rest 800 9-0 150 3-5 5-25 
5 5 » 60 8-0 133 3-2 4-25 
= 10 ae 60 8-0 133 3-0 3-99 
= 10 Ascent 1 25 17 680 4-4 27-20 
5 12 ES 25 20 800 45 36-00 
* 14 — . 25 20 800 4-5 36-00 
5 16 3 24 19 921 4-5 41-44 
18 22 21 954 4-5 47-70 
188˙34 37-068 
3 Net av. 33-7 
1 20 At rest 60 16 266 3-2 8-51 
7 25 a » 60 12 200 30 6-00 
5 30 is 60 9. 150 3-0 4-50 . 
ay Rate of work =27 kgm. per sec. 


Net CO, average during work =33-7 c. o. per sec. 
65. 0. Efficiency =32 %. 


% Part 3. The CO, discharge of T. R. P. (weight = 65 k.) during a 
horizontal walk of 11 laps of 216 metres ( = 2376 m.) in 20 min. 55 secs. 
> (=1-9 metre per sec. or 4-24 miles per hour). CO, measured at beginning 
ol 1st, 2nd, 3rd, 4th, 7th and 11th laps. 


8 
Time sample Litres 0.0. per see. % 0. per sec. 
. 0 At rest 60 9-0 150 30 45 

¢ 

= 8 Ist lap 32 11-0 343 33 11-31 

8 3rd „ 30 12.3 410 4-1 16-81 
= 4th ,, 30 12-4 413 43 17°75 
a Ich „ 29 14-0 4:3 20-72 
> lich „ 29 15-0 517 4:3 23-23 
rest 6o0 160 250 38 9-5 
60 90 1600 30 45 
5 ir 60 8-0 133 30 3-90 
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A second note on the heart of the stale summer frog. By 
W. L. Symes. 


S. de Boer has described d) a solution, for perfusing the ventricle 
of the summer frog, containing an unusually small amount of KCl; 
adding that, after some days in captivity, still less KCI is desirable. 
Ringer had increased the CaCl, in his fluid, when working with 
summer frogs, but the proportion of KCl to CaCl,, with him, was more 
than double that of de Boer. Recent observations on summer frogs (3) 
had shown that their hearts beat well on solutions differing widely from 
de Boer’s. It seemed, therefore, of interest, to compare, in June, the 
effects of de Boer’s solution with those n tested. The solutions 
in question were as follows: 


A. de Boer, Nadi 6-8, KCI -05, CaCl, 28, NaHCO, 20, distilled water 1000 

B. Locke-Ringer „ 65 „ 42 „ 24 „ 20, 1 1000 

C. Ringer (4) „ 65 „ 410 „ — * —, tap water 1000 

* Ringer actually used 6-0 NaCl. This was increased to match that in the other t wo 
solutions. 


The tap water in C contains, per litre, about -2 gm. CaCO, (including 
bicarbonate) and -02gm. CaSO,. Calculating all calcium salts as 
chloride the ratio KCl: CaCl,, in A, = 0-2; whilst in B, and in C, it is 
about 1-8. The tests were made on the auriculo-ventricular preparation (5) 
and the output of the hearts was registered by recording siphons (6, 7). 
The frogs (R. temp.) were of 20-25 gm. weight and had been in captivity 
between two and three months. Some results are given below. 


No. 3 A 15 em. 15c.c. in 16 hrs, = 3-1 0.0. per hr. 
0 100 „ 25 =40 ” 
4 A 300 „ 20 =15 70 
O 50 ” 3 = 16-7 ” 
9 A 1-5 300 „ 135 =20 - 
0 160 „ 7 2214 * 
5 A 10 15 „ 64 mins. 0-2 c.c. per min. 
5 B ” lll „ 50 = 22 ” 
” A * 12 ” 42 = 03 ” 8 
” B ” 105 ” 50 = 21 ” 
6 A 15 „ 3 , 81 = 01 15 
” B ” 21 ” 43 = 06 * 
‘ A 
B * 24 16 = 0-5 
7 circa 2-0 33. „ 366 = 06 
” B ” 81 ” 56 = 14 ” 
” A » 15 ” 25 = 046 ” 
* B ” 57 °° 47 1-2 ” 
8 A 15 114 „240 = 0-6 7 
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of pure NaHCO, cannot neutralise CO,; and, in summer, perfusion 
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Hearts Nos. 1 and 2 were arrested by about an hour’s perfusion with 
A, during which their output was a small fraction of 50 co. With 
hearts 4 and 9, the last 50c.c. discharged on A, occupied 4-3 and 5-6 
hours respectively; whilst on C, the next 50 0. o. were completed respec- 
tively in 3-2 and in 2-0 hours. A winter heart on B, or on C, with a head 
of 1-2 om., puts out 150-300 C. c. per hour, according to size, for many 
hours. A summer heart fails more rapidly but, apart from poisoning, 
puts out much more than shown above. Hearts 8 and 9 were demon- 
strated, and the transfer of heart 8 from A to B is shown in the figure. 
With solution A the beats were in every case extremely irregular. 

The temperature ranged from 17° to 22°C. 


| Upper tracing—heart on solution A. The second line shows discharges of 3 c. 


Time tracing shows minutes from beginning of experiment. At the 249th minute, 
A was replaced by solution B. 


It has appeared that solution A is not suitable for the heart of 


R. temp., perfused with moderate or fairly high pressures, even when 


the animal is in the summer condition and has been in captivity for 
some weeks. The success described by de Boer may be due in part to 
another variety of frog; and in part to high perfusion pressure (9 om. ); 
but the apparent intolerance of his hearts towards KCl suggests unsus- 
pected acidity of his water (cf. Ringer(4)). A freshly prepared solution 
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fluids must be neutral or faintly alkaline (neutral red). In winter they 


may be faintly acid without disturbing cardiac rhythm for some hours. 


(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


REFERENCES. 


De Boer. Arch. Neériand. Physiol. 2. p. 352. 1918. 
Ringer. 
Symes. 
Ringer. 
Symes. 
Symes. 
Sy mes. 


This Journal, 6, p. 365. 1888. 

Ibid. 52. Proc. Physiol. Soc. p. xxxv. 1918. 
Ibid, 14. p. 126. 1893. 

Ibid. 52. Proc. Physiol. Soc. p. xlvi. 1918. 
Ibid. 50. ibid. p. xxxii. 1915. 

Ibid. 52. ibid. p. Iii. 1918. 


= 
5 
« 
> 4 
I * 
& 
— 
* 
4 * J 2 
2 if 
* « 
x 
* 
— * 
' 
a 
* 
i = 
By * 
2 
* 
* | 
* & 
* 
* 
a 
K 
5 
A 
15 
* 
7 
“a 
t 
§ ; 
4 
re 
2 
5 6 
— 
> — 
55 
. 
of 
a 
— 
* 
¢ 
24 
7 > ] 
E * 
4 
* 
» 
4 1 
% 
‘ 
2 
* 8 
1 
= 
1 
4 
3 


* dis 


“PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
July 12, 1919. 


The effects on cardiac and plain muscle of perfusion with Ringer- 
Locke saline made isotonic with blood in respect to sodium 
bicarbonate. By Benyamtn Moore and Epwarp Wuaittevy. 


Although mammalian plasma contains from 0-18 to 0-25 p. c. of sodium 
bicarbonate equivalent to a molecular concentration of 0-02N to 
0-03 N, the usual formule for making up perfusion media either contain 
no sodium bicarbonate whatever or an amount much smaller than 
this, such as 0-015 p.c. 

The amount added of other inorganic salts is equal to that of the 
plasma concentration while that of the sodium bicarbonate is about 
one-fifteenth, and the question arises: Is this omission, or reduction, 
which appears in its origin to have been an experimental -evolution, 
due to the simultaneous omission of proteins and carbonic acid from 
salines ? 

What happens, if sodium bicarbonate in concentration equal to 
that of the animal’s own plasma be added to Ringer-Locke saline, and 
this be then used to perfuse or irrigate different. tissues ? 

We have tested this upon the isolated heart and intestinal muscle 
of the rabbit, with the following results: 

1. If the perfusion fluid be changed from ordinary Ringer-Locke 
saline to the same made equivalent to a 0-02-0-03 N in sodium bicar- 
bonate, within two to three minutes the amplitude of the beats is 
reduced by one-half, or more, and the rate of beating is much slower. 
A gradual reduction in both amplitude and frequency goes on and in 
another two or three minutes the venticular contractions cease. 
During this period the output of the heart drops continuously to one- 
third or less of the original volume. 

If now, before, or just as, the beats cease, the perfusion fluid be 
changed back to ordinary Ringer-Locke saline, activity is gradually 
renewed and the heart can be fully restored. | 
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These effects can be greatly reduced or obviated by breathing through 
the saline containing Ringer-Locke constituents and sodium bicarbonate 
80 as to introduce a small amount of carbon-dioxide. 

The effects of slight increase in the alkalinity, or hydroxyl-ion 
concentration, of a saline are accordingly those of heart shock. 

2. The same experiment carried out upon a strip of the intestine 
suspended in saline shows (a) increased tonus, (b) enhanced and more 
regular rhythmic contractions. 

Tracings illustrating these effects are exhibited. 


The physico-chemical factors which regulate the concentration 
of carbon-dioxide in alveolar air and thereby the degree of 
alkalinity of blood and tissues. Applications to acapnia 
and shock. By Brnsamin Moore. 


It is commonly taught and accepted that acapnia, and shock arising 
from it, are only induced by hyperpnœa or forced breathing. This is 
erroneous, acapnia and shock may be induced even with decreased 
ventilation of the lungs, provided the respiratory pump is working at a 
greater rate than the circulatory pump, and thus more carbon-dioxide 
is being removed in the lungs than is being formed in the tissues. Under 
such conditions the blood becomes more alkaline and this leads to 
heart shock, reduced arterial pressure, and decreased volume of blood 
in effective circulation. 

The two primary factors regulating the amount of carbon-dioxide 
in the alveolar air are.the rate of oxidation in the tissues and the rate 
of removal in the lungs. 

If the rate of oxidation in the tissues becomes reduced, then the 
rate of removal in the lungs must be correspondingly reduced or other- 
wise the percentage of carbon-dioxide in alveolar air is reduced and the 
alkalinity of the blood rises, producing heart shock as shown in the 
preceding demonstration. 

To make this more precise, let it be supposed that, as a result of 
shock, oxidation in the tissues is reduced to one-third of the normal 
amount and that circulation through the lungs is reduced to one-third 
of its normal velocity, but that ventilation of the alveoli proceeds nearly 


at its normal rate. This means no hyperpneea, or breathing at enforced 


rates, but as the amount of carbon-dioxide to be discharged at the 
lungs is only one-third of what it was previously and the rate of discharge 
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is the same it follows that without any hyperpnœa the percentage of 
earbon-dioxide in the alveolar air will greatly decrease. 

This decrease in the carbon-dioxide of the alveolar air leads to 
increased alkalinity of the circulating blood and this in turn to the 
conditions of shock. 

The alkalinity reduces both the force and frequency of the heart, 
this decreases the driving power of the circulation and puts it more 
out of pace with the ventilation; accordingly the blood becomes still 
more alkaline, and thus a vicious circle is established. 

There has been much dispute amongst many observers as to whether 
dyspnea precedes or accompanies surgical shock, or shock due to 
hemorrhage and wounds. The explanation probably is, that sometimes 
there is and sometimes there is not, according to whether a tissue 
dearth of oxygen clearly precedes the condition of shock. As has been 
pointed out, no such enhanced breathing is necessary to denude the 
blood of its carbon-dioxide, but only a preponderance of ventilation 
over circulation. 

It is a general observation disputed by none that all N 
activity is profoundly depressed in shock, the output of carbon-dioxide 
per minute being reduced to one-third or less?. Unless the ventilation of 
the lungs be also reduced to one-third the blood must go alkaline. 

That portion of the blood which is lagooned may be strongly charged 
with carbon-dioxide, but the portion at any time passing very slowly 
through the lungs is hyperoxygenated, and too deeply denuded of 
carbon-dioxide and it is this portion which is fed at once to heart and 
nerve centres and alkalizes and shocks them. 

This more alkaline blood if brought, outside the body, into equili- 
brium with alveolar air of a normal person will show a lower “alkali 
reserve, as conventionally defined; this is due to absorption of alkali 
by tissues and cells, and excretion by kidneys, in the attempt to run 


— 
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the hydroxyl-ion concentration down to normal. Everywhere in the 
body, however, real alkalinity is increased and the administration of 
i sodium bicarbonate is strongly contra-indicated, the organism is doing 


its best to get rid of sodium bicarbonate, and what is wanted is acid, 
such as carbon-dioxide. 
It is obvious that oxidation with production of “ay one-third the 


1 When oxidation is so profoundly reduced the circulation and respiration are never 
actually left undisturbed, but it may be pointed out that if this did occur shock would 
only be induced more rapidly, for all the time three times as much carbon-dioxide would 
be removed at the lungs as that formed in the tissues. 
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normal amount of carbon-dioxide cannot persist without causing death 
eventually, so recovery will depend on severity of shock, but the object 
of treatment ought to be to prevent secondary shock induced by relative 
over-breathing and alkalinity during the primary shock, and hence 
steps must be taken to retain carbon-dioxide during the primary shock. 

If the increased alkalinity is too severe or lasts too long, experiments 
on the isolated heart show that recovery is impossible, the reaction 
becomes irreversible. The order of events in shock consists first in a 
nerve effect upon heart and vessels temporarily slowing circulation, and, 
secondly, in a hyper-alkalization of the blood which induces secondary 
shock on the heart. 


Fitness and breathing during exertion. By Henry Briaas. 
(Preliminary communication.) 


In the course of the research on mine rescue apparatus conducted 
under the auspices of the Department of Scientific and Industrial 
Research it was found necessary to determine the volume of oxygen 
consumed by different persons while doing physical work and while 
breathing both normal air and almost pure oxygen. Originally the 
subjects were selected from mine officials and miners engaged in collieries 
near Edinburgh; but later, when it was found that the results had a 
wider bearing, persons of other occupations: and physical habits were 
included, many being obtained from Army Units. 

Martin’s ergometer was principally employed for measuring work, 
with a uniform rate of pedalling of 56 revolutions a minute. Only the 
ergometer results are here discussed. The respiratory exchange was 
determined by the Douglas method, slightly modified. In a test on any 
given load, the man was required to perform work at that rate for two 
minutes before any reading or sample was taken; at the end of that 
interval the tap of the Douglas bag was turned; he continued the 
exertion and exhaled into the bag for a timed interval of a minute or 
more, during which the necessary observations were made. The only 
variation on this routine which was permitted was in dealing with 
high loads, e.g. 10,000 or 12,000 ft. Ibs. per minute, and then the pre- 
liminary interval had perforce to be cut down (though it was never 
allowed to be under one minute), since with most persons such exertion 
can only be sustained for a very brief time. Owing to this cause the 
measurements on the heavier loads are less reliable than those on the 
lighter ones. The expired gas collected in the Douglas bag was measured 
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by a Milne meter; samples were taken over mercury and analysed for 
CO, and oxygen by Haldane’s gas-analysis apparatus. 

By studying performances both while inhaling oxygen and while 
inhaling normal air, it was found that the thoroughly fit man (see Table, 
Subject B) gains no advantage from breathing enriched air when dealing 
with a normal load (i.e., one which he can support for a long time), 
though he benefits when dealing with an overload (ie,, one which can 
be supported for a short period only). The unfit man, on the other 

hand (Subject A), is much assisted throughout the whole range of exertion 
® when enriched air is breathed. The degree of benefit in any case may 
de observed by comparing the exhaled-CO,-percentages on oxygen and 
= ‘air, or, alternatively, by comparing the volume expired per minute on 
oxygen and on air. With the fit man the two series of results agree 
closely; with the unfit man they diverge. In the chosen cases the unfit 
subject is a sedentary person taking little exercise, while the fit man is 
an army instructor in physical drill who was selected by the Scottish 
Command as representing physically the best the army could produce. 
It will be seen that the respiratory exchange was about the same whether 
oxygen or air was breathed. A measure of fitness can be arrived at by 
contrasting respiratory performance when breathing air and when 
breathing oxygen. 

The level of the expired-CO,-percentage while breathing air was 
markedly different with different subjects, the variations between 
persons being accentuated: by physical work. In general the fitter 
subjects gave the highest CO, percentages. The maximal value, 
breathing normal air, was 8-1 p.c. In that instance the subject was a 
first-rate footballer and good all-round athlete, and the figure was 
a when he was doing about 6,000 ft. lbs. of work per minute. 

might be expected, high proportions of CO, in the expired air 
corresponded with low volumes breathed per minute. In other words 
some men—especially fit men of the athletic type—breathe relatively 
little air but use it well. For example, when doing 6,000 ft. lbs. per 
minute, and breathing normal air, the subject B used only 70 per cent. 
of the air needed by the subject A, though the latter was the lighter 
man by 32 lbs. 

The consumption of oxygen when working at a given load is generally 
smaller with the fit than with the unfit man. Oxygen consumption 
during physical work is more influenced by the condition of the in- 
dividual than by his body- weight. 

Some 8 variations in rate of breathing were recorded. For 
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example, the footballer, alluded to above, when sitting at rest on the 
saddle, respired only 2} times per minute on oxygen and thrice on air. 
Even at the heaviest load he attempted he made only nine breaths per 
minute on oxygen and twelve on air. When in good condition, this man, 
though the heavier of the two, moved less than half the volume of air 
moved per minute by the sedentary subject A. 

In the following table the volume expelled by the lungs per minute 
is expressed as saturated air at blood temperature: | 


Percent. CO, in expired gas Litres gas ee per minute 
“Subject A Subject B Subject Subject B 
— —ö — — 
Breathing Breathing Breathing Breathing Breathing Breathing Breathing Breathing 
ft. . air oxygen air oxygen air oxygen air oxygen 
Pedalling with 39 4˙¹ 44 4°5 12 13 14 ll 
off 
3,000 4°65 5°25 53 5°45 25 22°5 20 18 
6,000 47 58 62 62 40 33 27 27 
9,000 43 58 61 63 1 43 37 37 
10,000 41 57 60 62 57 46 40°5 40°5 
12,000 — — 56 60 — — 50 48 


Improved apparatus for the measurement of the heat-produc- 
tion of muscles. By A. V. Hitt and W. Harrrez. 


The apparatus hitherto employed for this purpose is capable of 
considerable improvement, and we believe that if a satisfactory, small, 


simple and more or less “standard” combined thermopile and chamber 


can be designed a wider field of experimental research may be opened 
up on the “chain of processes” involved in muscular contraction, and 
possibly also on those involved in nervous or other functional activity. 
We have devoted some time therefore to the improvement of the 
thermopile with its chamber and accessories, and various different 
types of instrument are now available. If there were any general demand 
for such instruments for demonstration or research purposes it might 
be possible to produce a standard design and to have it manufactured 
by a firm of scientific instrument makers: the present models we have 
made in our private workshop in the Physiological Laboratory, Cam- 
bridge. 

The instrument has been designed to work with a low-resistance 
moving-magnet galvanometer of high sensitivity. Such galvanometers 
have been very highly developed by Paschen, Mendenhall, the 
C. S. I. Co. and others, and no attempt has been made by us to improve 
the galvanometer: for most purposes the standard Broca galvanometer 
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Sis satisfactory, while demonstrations could easily be given with any 
= sensitive low-resistance moving-coil instrument. For the finest work, 
however, the most sensitive galvanometer obtainable is the best: if the 
sensitivity is too high it can be reduced with advantage by shortening 
de period and so obtaining a more accurate following of the k. u. r. ~ 
developed in the thermopile. 
¥ The properties desirable in the thermopile and chamber are: 
4 (a) It should give a high B. M. 7. per 1°C.; 
3 (5) Its electrical resistance should be low; 
(c) It should be well insulated electrically while nn in as 
good thermal contact as possible with the muscle; 
a (d) The zero should be stable: this implies freedom from the 
temperature changes caused by evaporation, radiation, conduction, or 
convection ; 
(e) It should be convenient and simple to use; 
(f) It should be small, so as to be capable, e. g. of being immersed 
in a large Dewar flask. 

These properties are shown, to a degree not experienced in previous 
instruments, by a thermopile of 50 to 100 pairs of junctions (either of 
gold-nickel or constantan-iron) fitted with platinum stimulating 
electrodes, and mounted in a small airtight vulcanite chamber. The 
chamber can be filled with any fluid or gas desired (salt solution, liquid 
paraffin, oxygen, air, nitrogen), it can be left in air or immersed in 
water of any required temperature, and it settles down sufficiently — 
quickly to enable readings to be made within five to fifteen minutes of 
fitting it up, or of changing the fluid inside it. 

It is hoped with these instruments: 

(i) To make a more thorough investigation of the “delayed * 
heat · production following contraction in oxygen; 
(ü) To make absolute determinations of the heat produeed in 
long periods of stimulation in the presence or absence of oxygen [the 
heat can be equated to the area of the curve connecting deflection and 
time, after multiplication by a determined constant]; 
(iii) To investigate the effects of temperature and of various 
salts or drugs on the phenomena of heat-production ; 
(iv) To make a more accurate analysis of the relation between 
the mechanical and the thermal response; 
(v) To investigate other types of muscle and the muscles of 
various animals. 
By a development of these instruments, and by the use of a sensitive 
08 
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Paschen galvanometer, it may be possible to push the estimation of the 
rise of temperature (if any) in an excited nerve about twenty times as 
far as has hitherto been possible, i. e. to a nnn, of (say) 1 mm. on 
the galvanometer scale = 5 x 10 C. 


The use of decerebrate preparations for experiments extending 
over several days. By H. C. Bazerr. (Preliminary communi- 
cation.) 


During the course of some experiments on the resistance of animals 
to infection under varying conditions of body temperature, it has been 
found necessary to obtain decerebrate preparations for experiments 
lasting over several days. These experiments being as yet incomplete, 


the method of obtaining such decerebrate preparations may be here 


outlined. The main difficulties to be faced are those of nursing, with 
the added difficulty of having to maintain the animal’s body temperature 
constant. 

The animals used have been cats. They are anesthetised with pure 
chloroform (to avoid as far as possible difficulties from intratracheal 
mucus), Neither tracheotomy nor ligature of the carotids are performed, 
but the back of the head is at once shaved and the skin is cleansed with 
alcohol and ether and is painted with tincture of iodine. Apart from 
this the operation is entirely performed under aseptic precautions, and 
no antiseptics of any sort are used. 

A median dorsal incision is made according to Sherrington’ 8 
older technic, the scalp is retracted and the skull is trephined on one 
side, and decerebration is performed under very deep anesthesia. With 
the right depth of anesthesia the respiration continues during and after 
decerebration. | 

In decerebration the crura are divided by a blunt flat spatula, 
slightly bent, the vertebral arteries being compressed by an assistant 
just below the transverse processes of the atlas (according to Sherring- 
ton’s method). The cerebrum is then removed (by a process of spooning 
it out) from the cranial cavity, which is plugged with wool. The 
hemorrhage is only slightly greater than that seen when the carotids 
have been ligated previously. After five or ten minutes, when all 
hemorrhage has ceased, and when all the.brain above the tentorium 
has been removed, the cotton wool is taken out, and the cranium is 
filled with paraffin wax at a temperature of about 46° C. 
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The wax used is a mixture of equal parts of vaseline and paraffin 
wax (melting 55° C.), and this mixture melts at 45 C. and boils at about 
160° C. This is sterilised by heating to 140° C. for three-quarters of an 
hour on three successive days, and it is also employed as an aseptic 
bone-wax during trephining. The cranium having been filled with 
wax, the wound is closed by sutures of fine waxed silk, and the wound 
is dressed with mercuric or zinc oxide ointment. It is —_ this that 
the difficulties of the method really arise. 

The temperature of the animal is maintained constant by keeping 
it three-quarters immersed in a water-bath. This water-bath has a 
constant flow of water through it, and the water is kept thoroughly 
mixed and constantly moving by an electrically driven stirrer in the 
bath. A delicate toluol heat regulator in the bath is used to control the 
temperature of the entering water, which is most easily heated before 
it enters the bath. The regulator is set so as to maintain the temperature 
of the water-bath between 38-5°C. and 39°C. Under these circum- 
stances the animal’s rectal temperature is found to vary from that of 
the bath by less than 0-5° C. under ordinary conditions. That the 
temperature should remain constant is essential, a fall of temperature 
so lowering the resistance to infection, that it is generally followed by 
death in 24 hours. The maintenance of a water-bath at a constant 
temperature for days or weeks provides one of the difficulties of the 
method. 

The animal is slung in the bath lying on its side on a stretcher 
made of waxed calico or webbing. The head is supported above the 
water on a perforated zinc ledge. It is essential that the animal prepara- 
tion should be in a “comfortable” position, that the head should be 
free to allow of coughing or sneezing reflexes, and that a band should 
pass under the axill#, to prevent the animal sliding down and being 
drowned. The preparation can he fed with milk by means of a stomach 
tube, and will also swallow pieces of fish or meat, if these are placed 
well back on the posterior part of the tongue. - 

The difficulties here are that the water of the bath is apt to creep 
up on to the head and infect the wound (hence the use of ointment 
dressing and waxed sutures), while conjunctivitis also oocurs, and the 
stomach tube may readily start an aspiration broncho-pneumonia. 
These may be avoided by careful nursing, while the bath is kept as clean 
as possible by the maintenance of a constant flow of water and by the 
addition of a small amount of thymol water to that of the bath. 

The perfected method has not been tested thoroughly as yet, but it 
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is perfectly easy to keep animals alive by such methods three or four 
days. One preparation survived a week and would undoubtedly have 
laster longer had it not died as the result of an accidental rise of tem- 
perature in the water-bath. This animal maintained brisk reflexes up 
to the end, and the decerebrate rigidity increased rather than diminished 
in intensity; during the week of decerebrate “life” it lost 230 gms. in 
weight (about 10 p.c. of body weight). Up to the present time only a few 
animals have been treated in this way, and the duration of “life” has 
increased with experience. | : 

Attempts have been made to keep animals after decerebration in an 
incubator ventilated with moist air, kept circulating by an electric fan. 

But even under these circumstances, and with the incubator controlled 

to a constant wet-bulb temperature it seems to be impossible to keep 
the body temperature constant. There is therefore no evidence of any 
temperature control at all in these animals. ‘2 

These experiments have been interrupted by the war, but it is hoped 
to continue them with special reference to the relationship of body 
temperature to the resistance to infection, and an examination of the 
degenerations to be observed in the central nervous system will also 
be undertaken at the same time. 

My thanks are due to Professor Sherrington for much valuable 
advice, the whole procedure being founded on his original method. 


Bicycle as compared with staircase ergometry. By A. D. WaLLer 
and G. De Decker. 

At the last meeting of the Society an experiment was carried out by 

G. De Decker on Mr T. R. Parsons in which the efficiency was calculated 

from the CO, expired (a) during 5 ascents of a 20 metre staircase and 


- (b) during work on a bicycle ergometer. The figures worked out as 
follows: | 


Staircase con 337 o. 12600. 32% 
Bicycle owe «=: 12-34 30-75 „ 2-50 „ 16 % 


| Professor F. D. Miller, of London, Ontario, who was good enough 
to submit himself to the trial, showed very similar figures, viz. 


Staircase . 21-74kgm. 12400. 324% 
Bicycle . 1000 „ 250,, 2-50 „ 16-0 % 


0. J. Martin, Proc, Physiol, Soc. Feb. 14, 1914. 
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As had been anticipated the efficiency shown by staircase was about 
twice that shown by bicycle. But in this particular experiment the rate 
of work in kilogrammeters per second was considerably higher in the 
staircase than in the bicycle trial and we have therefore repeated the 
trial upon another subject (A. D. W.) at equal rates of work, with as 
nearly as possible the same periods of work and rest. 

Staircase work consists of necessity of alternating periods of work 
(ascents) and rest (descents by lift) and it was found practically con- 
venient to work on the staircase and on the bicycle at the periodicity of 
as nearly as possible 2 minutes work to 1 minute rest, the total time of 
work + rest being in each trial 15 minutes. At this rate of work the 
following figures were obtained: 


A. D. w. „„ 


Staircase 13-12 20•13 c.. 182 0. 0. 20 0% 
Bicycle ... 13-34 26-00,, 200 „ 20 90 


Under these conditions the mechanical efficiency as shown by 


> bicycle is still considerably lower than that obtained on the staircase; 


otherwise stated, the cost-per kilogrammeter of work is greater by bicycle 
than by staircase, i. e. in the case of A. D. W. at practically equal rate 
of work and rhythm of work : rest the kilogrammeter per sec. by bicycle 
costs 2-0 c.c. CO, per sec. and by staircase 1-5 c.c. And at this equality 
of work the sensation of fatigue from bicycle work was unmistakably 
greater than from staircase work. 

On repeating the observation with a work: rest rhythm of ] min.: I min. 
t.e. for the bicycle double the rest for approximately the same work, and 
for the staircase double the rest for double the work, the following 
figures were obtained. The total time of work + rest being now 
10 minutes. 


| work 1 
A. D. W. N Test — 1 . 
Cost 
40 kgm. 
am 22 
Staircase 55 26-3 28 cc. 108¢.c. 37˙2 9% 
Bicycle ... aS 12-51 18-46 „ 1-49 „ 270 % 


As before the cost of work expressed in c.c. CO, per kilogrammeter 
comes out higher for the bicycle than for the staircase—1-49 as compared 
with 1-08 for the rates of work indicated. 

We have collected in the following table observations on A. D. W. 
under all sorts of conditions in which the CO, per kgm. has fluctuated for 


4 7 . 
* 
| 
| A 
* 
| 
— 
4 
° 
| 
. 
12 
te I 
* 1 
515 
| 
| > 
| 
4 
| 
2 
| | i 
4 
19 
| * 
| 
j 
| 
| 
19 
| 4 
| 
7 
€ 
ex 
3 
2 
é 
* 
* — 
4 x 
ag 
3, 
4 j 
R. 
f si 
4 


xlvi | PROCEEDINGS OF THE PHYSIOLOGICAL 


staircase work between 0-96 c.c. as a lowest and 1-49 c.c. as a highest 
value, and for bicycle work between the values 1-88 and 3-2. This 
random series in which no doubt fatigue has played a part where high 
figures of cost have come out, bears out the general result that bicycle 
work is more costly than staircase work. 


Summary. 
: Staircase Bicycle. 

34-6 45 13 30-8 4-26 8-9 2-09 19-1 
18-5 20 1-08 370 8-53 16-06 1-885 21-2 
20-0 33 15 26-8 12-68 35-4 2-79 14-4 
28-0 28-65 1-02 39-2 3-98 10-22 2-59 15-44 
20 30 1008 37-2 796 23-85 299 13.35 
30-0 38 1-27 31-6 11-81 34-12 2-8 14-0 
25-5 33-1 13 30-8 13°1 42-08 3-2 126 
26-35 27 1-03 38-8 1251 18-46 1-47 27-2 
26-6 39 — 147 27-2 12-51 17-7 1-43 28-0 
17-5 24 37 29-2 13-34 19-67 1-47 27-2 

31⸗3 34-47 1˙11 36-0 13-34 32-6 2-44 16-4 
32-2 35-5 0-98 40-8 667 +160 2-25 17-6 
27.7 27˙14 1-00 40-0 13-34 33-1 2-48 16-0 
270 26-0 0-06 41-6 13-34 26-0 1-95 20-4 
15-5 25-0 1-63 224˙8 9-95 24-6 2-47 16-2 
13-12 16-6 1-27 31-6 9-95 24-0 2-41 16-5 
13-6 20-3 1-49 26-8 12-52 32-1 2-56 15-6 


Methodical observations at various work :rest periodicities are ob- 
viously desirable, and the depressing influence of fatigue upon the 


efficiency of the human machine as shown by a rising expenditure of 


CO, requires detailed study. For such observations the work to be per- 
formed is considerable and can only be usefully carried out by a younger 
and presumably more efficient subject than A. D. W. The most suitable 
subjects are young men in military training upon whom it would be 
possible to compare the cost of work entailed in route marching with 
that shown in bicycle and in staircase ergometry. 


Experiments on acclimatisation to low atmospheric pressures. 
By J. S. Hal A. M. Keuuas, and E. L. Kennaway. 

We have made a series of experiments in the large steel chamber 

at the Lister Institute at pressures progressively reduced to 312 mm. 

(corresponding to an altitude of 25,000 feet) in order to see to what 

extent acclimatisation can be obtained by discontinuous exposure to 
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de reduced pressures, and to study the process. Only a partial acclima- 


fisation (due, apparently, to increased secretory activity of the alveolar 
epithelium) was obtained, as the changes in the blood did not accumulate 


from day to day. 


From determinations of the excretion of acid and ammonia in the 
urine and of the composition of the alveolar air we concluded that the 
increased breathing due to the anoxemia produces an alkalosis which 
evokes the normal response of diminished excretion of acid and 
diminished formation of ammonia. The supposed acidosis of acclimatisa- 
tion to high altitudes is thus only the compensation (more or less 
incomplete) of an alkalosis. This compensatory process requires a 
good deal of time, and is reversed on return to normal pressure, 80 that 
exposure to a low pressure for several hours each day is only partially 


| effective in producing acclimatisation. Mere increase of the breathing, 


or of the circulation rate, without compensation of the corresponding 
alkalosis, is ineffective in relieving the anoxemia, because the alkalosis 
causes the hemoglobin in the tissue capillaries to hold on more tightly 
to the oxy-hemoglobin, and thus neutralises to a large extent the 
relief which would otherwise be produced. 


The contractility and innervation of capillaries. By Avaust 
Kroou. (A preliminary notice.) 

A large frog is deeply narcotised with urethane (3 mg. per g. weight). 
The ventral (glandless) surface of the tongue is spread out over a glass 
plate (2 x 3 em. for a frog of 50 g.) and examined through the binocular 
microscope with a magnification of 30-50 diameters. When the initial 
hyperemia has subsided the following observations can be made. 

Cautious scratching with a glass needle causes local hyperemia with 
dilation of capillaries (and arterioles). The extent of the area affected 
depends upon the extensity and intensity of the stimulus. With a little 
practice it is easy to stimulate just enough to cause a single capillary or 
part of a capillary to open up or dilate. When the position of a closed 
capillary is known it can be induced to dilate and become filled quite 
gradually from the venous end until, when the arterial end is reached, 
the current of blood is suddenly reversed. A local dilatation on an 
arteriole can also be produced by gentle scratching. 

Painting with 2 p.c. cocaine causes capillary hyperemia but when 
0-5 p. o. cocaine is continuously applied the hyperemia can be kept down 
and it can be shown that the area affected by mechanical stimulation 
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_ becomes diminished and finally (after 40 m.) completely abolished. The 
effect of certain chemical stimuli (e.g. 1 p.c. iodine) is likewise abolished 
by cocaine, while others (e.g. acids) remain effective. 

Certain substances can be shown to cause extreme dilation of capil- 
laries while they have no distinct effect upon arterioles. 

After section of the nerves to the right side of the tongue the effects 
of mechanical and chemical stimulation are at first unaltered. After 
some days the right side becomes hyperemic while the muscles show 
frequent spontaneous contractions and are hypersensitive to mechanical 
stimulation. At this stage the capillaries react normally to direct 
stimulation but the effects spread to a very limited area only. Later the 
hyperemia becomes diminished, the reaction of the muscles nearly 
abolished. The reaction of capillaries and arterioles is now very — 
and sharply localised to the points directly stimulated. 

From these observations it must be concluded that capillary, dilation 
and contraction is independent of the blood-pressure and that the 
spreading of the effects of stimuli is due to local axon reflexes which are 
probably conveyed along sensory fibres. 


On the nature of the respiratory centre. By J. Barororr. 


The question arises whether they (the respiratory movements) are 
the effects of rhythmical changes intrinsic in the centres, or of con- 
tinuous stimuli coming to them from without'.”’ 

The further question arises, does the fact that the respiratory rhythm 
can be influenced in a number of ways and to a striking extent by stimu- 
lation of the vagi, rule out the Gee rhythmic nature of the centre 
itself? 

The phenomena of respiration t seem to me to be most easily explained 
on the assumption that the respiratory centre is, like the ventricle of 
the heart, intrinsically rhythmic, but that like the hearts the rhythm 
may be modified or even abolished for a time by influences which reach 
it by the nerves which supply it. | 

In favour of the essentially rhythmic nature of the centre the following 
facts may be cited: 

(1) Rhythmic respiratory movements go down throughout a great 
part of the animal kingdom. 

(2) Roketansky, Schroff and Langendorff in various ways 
maintained respiration in young animals in’ which the spinal bulb was 


* Luciani’s Human Physiology, Vol. 1. p. 457. 
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divided from the cord. The cord, therefore, received impulses neither 
from the vagi nor the fifth nerve. Whilst in the adult the respiratory 
centre is restricted to the bulb in locality it seems unnecessary to suppose 
that it is to be of a fundamentally different character to that seen in 
young animals. 

(3) Many animals appear so nearly normal with vagi cut, as to make 
the hypothesis that their respiratory rhythm is maintained by the fifth 
nerve, seem far fetched. 

Goats for instance with both vagi cut (under urethane) may appear 
quite undistressed on the same day. Examination shows their respira- 
tions to be 14-16 per minute—a slower rhythm than usual. 

Schäfer! at the last meeting of the Physiological Society demon- 
strated the possibility of normal respiration being maintained apparently 


» indefinitely in cats, in which both vagi were divided. 


1 Sohafer. Physiol. Proc., June 7. 
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On the assumption that the vagi play upon a fundamental rhythm of 
the centres, much can easily be visualised. For instance let Fig. 1 repre- 
sent the fundamental rhythm. Fig. 2 shows the places marked by arrows 
at which the vagus cuts into the fundamental rhythm, forming the 
actual rhythm. 

Two examples may be given of abnormal conditions: (i) the effect CO, 
which increases the amplitude of the fundamental rhythm (Fig. 3) with- 
out altering appreciably the points at which the vagus cuts in, thus 
giving the actual rhythm shown in Fig. 4. (ii) Local over distension in 
the lung which does not effect the rhythm of the centre (Fig. 5) but which 
makes the vagus cut in sooner, giving a rapid and shallow respiration 


(Fig. 6). : 


Cortical path for masticatory rhythm. By F. R. Mier. 

The movements of mastication evoked in the rabbit by stimulating 
Ferrier’s cortical area were shown to be bilateral and synchronous. 
This was ascertained by stimulation of the cortex after division of the 
-mandible at the symphysis. The action was somewhat stronger on the 
contralateral than on the ipsilateral half of the jaw. 

Rhythmical chewing movements were elicited from the subcortical 
tracts as far posteriorly as a section passing through the habenule, 
the bundles of Vicq d’Azyr and the corpora mamillaria (hereafter 
referred to as “level A”). Rhythmical mastication was replaced by 
steady jaw closure at the level of a section through the superior colliculi, 
the posterior commissure and the fasciculus retroflexus. In this con- 
tinuous closure the ipsilateral jaw muscles are largely concerned. 
The effect is, to a great extent, dependent upon the escape of 
current through the thin wall of the skull to the ipsilateral muscles. 
Rhythmical mastication was never obtained farther backwards than 
level A.” 

Réthi elicited rhythmical chewing as far caudad as the subthalamic 
region but did not determine precisely the level. He noted steady jaw 
closure on arrival at the crus cerebri, but again did not indicate exactly 
the level. Nor did he mention the influence of the escape of current to 
the ipsilateral muscles. 

The tract yielding rhythmical mastication was localised by the bipolar 
and unipolar methods of stimulation. At the level of the posterior 
extremity of the caudate nucleus it is in the lower part of the pes pedun- 
culi; at “level A” it is in the medial portion of the pes — 
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‘ Stimulation of cardio-inhibitory centre by venous blood. By 
J. N. LANdLxRV. 


3 2 The rise of blood-pressure which occurs in a curarised animal, either 
antesthetised or decerebrated, on stopping artificial respiration is, as 


o 


Fig. 1. Cat, decerebrated and curarised. Vagi intact. 
(a) Before section of cord; cessation of artificial respiration for 40 secs. 
(6) Eight minutes after section of cervical spinal cord; cessation of artificial 
respiration for 30 secs. 


a 
＋ Fig. 2. Cat, decerebrated and curarised. Cervical spinal cord cut; 0-5 mg. strychnine 


injected. 
* (a) Before section of the vagi; cessation of artificial respiration for 30 secs. 
(6) After section of the vagi; cessation of artificial respiration for 40 secs. 


is known, comfnonly accompanied by some slowing of the heart beat 
due to stimulation of the bulbar cardio-inhibitory centre. : | i 
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In the cat, decerebrated by Sherrington’s method and curarised, the 
slowing of the heart beat on stopping artificial respiration occurs, 
usually at any rate, after a considerable interval. It would be expected 
that section of the spinal cord by its effect on blood-pressure and on 
possible adrenaline secretion would make the catdio-inhibitory effect 
more prominent. This effect may in fact occur (op. Fig. I), though so 
far as I have seen the slowing is variable and not very great. 

When, however, 0-5 to 1 mg. of strychnine is injected, and some time 
later the artificial respiration is stopped, the cardio-inhibitory effect is 
very manifest (Fig. 2 a). The slowing is not due to a direct action on 
the heart, since, after section of the vagi, slowing is no longer produced 
(Fig. 2 5). 

The striking fact is the rapidity of the response of the cardio- 
inhibitory centre to increase in O0, 
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| The occurrence of acidosis in experimental gas gangrene pro- 


duced by vibrion septique’. By J. Jorrz, B.Sc., and E. P. 
Povutron, M.D. 


(A report to the Medical Research Committee.) 
Wright and Fleming! have described the existence of acidosis 
in severe cases of gas gangrene in France. The methods used were 


titration of serum by acid and determinations of the hydrogen ion 
concentration of serum by Marriott’s method. It seemed well worth 


30 40 50 

1 The expenses of the investigation were defrayed by a Government Grant from the 
Committee. 


Royal Society, and by the Medical Research 
* Wright and Fleming. Lancet, 104. 1. p. 205. 1918. 
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while to investigate the matter, using methods applicable to defibrinated 
blood. Barcroft’s method was used, viz. determining the oxy-hemo- 
globin dissociation curve at a fixed pressure of CO, (about 35 mm.). 
As is well known the addition of acid to blood shifts the dissociation 
curve to the right, i. e. for a given pressure of oxygen the proportion 
of oxy-hemoglobin to total hemoglobin is diminished. The observa- 
tions were carried out on puppies before and after infection with vibrion 
septique. The inoculations into the leg muscles were carried out by 
Dr H. H. Dale at the Lister Institute. In the figure, the observations 
on the blood before inoculation are indicated by circles, those after 
inoculation by black dots. . 

In cases I and III the second sample of blood was taken about 24 
hours after the inoculation, when there was marked cedema at the site 
of the injection but not much gas. The animal was lethargic and could 
not stand up. The respiration was slow and deep and the heart feeble. 

The results (see figure) show that if abnormal acids were present 
in the blood at all, the amounts were almost inappreciable by this 
method, which is admittedly one of some delicacy. Any slight tendency 
for the black dots to lie to the right of the dotted line is really within 
the limits of experimental error of the method as indicated by the 
rectangles. 

In case IV the infection had progressed further. The animal was 
in extremis. A sample of blood was taken for a Van Slyke’s determination 
of the CO, in the serum and immediately afterwards the heart stopped 
beating. It was immediately cut open, and a sample of blood taken for 
the dissociation curve. This post mortem blood showed a distinct 
acidosis, the black dot being well to the right of the previous determina- 
tion. The Van Slyke’s measurement showed a lowered alkali reserve. 
It would seem that any appreciable acidosis is only a terminal pheno- 
menon in dogs experimentally infected with vibrion septique. Unfor- 
tunately experiments with B. perfringens could not be carried out. 

The curve for Barcroft’s blood (J. B.) and for dogs’ blood at 40 mm. 
(Barcroft and Camis’) are given for comparison. Our normal results 
at about 35 mm. CO, lie between these two curves. 

We found that dogs’ blood, both before and after inoculation, always 
developed acid spontaneously even if kept in the cold room below 0° C. 
for 24 hours. Many of the determinations were valueless in consequence. 
In all the cases here published, the blood after defibrination was packed 
in ice, and the determinations were carried out within an hour or two. 

+ Barcroft and Camis, Journ. Physiol. 39, p. 118. 1900. 
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Alkaline and acidic displacements of the equilibrium in the 
systems ‘sodium bicarbonate and carbonic acid’ and blood, 
carbonic acid’ caused by presence of salts of weak acids 
or bases and its felation to poisoning by certain toxins and 
drugs which produce shock. By Benyamin Moore. 


It has recently been shown! that the equilibrium between sodium 
bicarbonate and carbonic acid can be altered by the serum proteins 
functioning as weak acids and combining with alkali, thus accounting 
for carriage of carbon-dioxide in the blood, and for the protection of cells 
against changes in alkalinity. 

It has lately occurred to me that a similar change in equilibrium 
must take place when many types of toxin are formed in disease, or in 
poisoning by such drugs as cyanides, aniline and its derivatives, hista- 
mines, and other bases. 

Salts of strong acids or bases, or the free bodies, would possess no such 
action for on account of their high ionization they would either be neu- 
tralized by the excess of sodium bicarbonate and proteins in small doses, 
or, given in large doses, would lead to instantaneous death. 

The salt of a weak acid or base produces quite a different action 
because it is strongly hydrolysed and feebly ionized. The strong acid or 
alkali cannot change the alkalinity within the viable limits because it 
is at once neutralized but weak acid or alkali can, and the degree of 
action varies with the physical constants. 

Coupled with these constants also is the selective adsorption between 
cell colloids and the weak anion or kation of the drug, so that the changes 
in alkalinity or acidity can become localized on certain cells. 

The poisonous action and accompanying shock depend on these two 
factors (1) selective adsorption, (2) change of reaction. 

* Moore, MacQueen and Webster. Proc, Physiol. Soc. 27. 1919. Moore. Ibid. 
36. 1919. Parsons. Journ. of Physiol. 58. p. 42. 1919. 
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This variation of the equilibrium I have been able to demonstrate 
in vitro in the case of sodium bicarbonate and sodium cyanide. If two 
solutions be prepared (a) of 0-03N sodium bicarbonate in water, and (5) 
of 0-025N sodium bicarbonate plus 0-005N of sodium cyanide in common 
solution in water and then 10 c.c. of each system be taken and in each 
case two drops of 0:5 per cent. solution phenol-phthalein be added as an 
indicator, it will be found that when these two systems are brought into 
equilibrium, with different percentages of carbon-dioxide by blowing air 
through, but the same percentage for each system, that the system con- 
taining cyanide is more alkaline throughout at each stage. 

For example, the cyanide system is just about at the neutral point 
to phenol-phthalein with alveolar air, where the plain bicarbonate is 
distinctly acid. 

Accordingly any cells in the body which adsorb cyanogen ions must 
at the normal tissue pressure of carbonic acid be more alkaline. It is 
well known from the work of other observers that alkalosis diminishes oxi- 
dative power and is associated with anoxaemia. The more anoxaemia and 
diminished oxidation becomes established the higher will rise the alkali- 
nity of the tissues, and reflexly the more difficult will oxidation become. 

Lovatt Evans has just recently shown that the rate of oxidation 
in cyanide poisoning is enormously reduced but not so the carbon-dioxide 
elimination, so that for this reason the respiratory quotient goes up 
fictitiously to threefold its normal value. Precisely the same thing occurs 
in secondary shock, and in both cases it is a logical consequence that the 
alkalinity of blood and cells must go up. . 

In a somewhat similar but reversed fashion the salt of a weak base, 
such say as aniline hydrochloride, acts. This will increase acidity because 
the basic partner in the hydrolysis is practically not ionized. The 
soluble sodium cyanide, on the other hand, is alkaline, because it 
hydrolyses in dilute aqueous solution into caustic soda and hydrocyanic 
acid of which the former is almost completely ionized and the latter 
practically not ionized at all. The free carbonic acid of the blood throws 
back this hydrolysis and reduces the alkalinity, but to bring it back to 
normal a much higher concentration is required than corresponds to 5 to 6 
per cent. of carbon-dioxide in alveolar air. 

To make matters worse when primary poisoning has been established 
by the initial slight alkalosis, oxidation becomes reduced, pumping off 
carbon-dioxide becomes exaggerated, and as a result alkalinity mounts 


* Lovatt Evans. Journ. of Physiol, 53. p. 17. 1919, 
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ber and higher. The general law seems to be that a salt of u feebly 


jonized acid renders alkaline any cell which adsorbs it, while the salt of 
a feebly ionized base confers acidity. 


The cause of the exquisite sensitivity of living cells to changes 
in hydrogen- and hydroxyl-ion concentration. By BEN AH 
Moore. 


It is now universally accepted that changes in hydrogen-ion and 
hydroxyl-ion concentration which lie almost within the limits of detection 
produce a profound effect upon living organisms. Life is only possible 
within short range of the neutral point. 

This has puzzled me for many years and it is only recently that the 
meaning of it has dawned upon me. 

The large number of workers who have worked upon the subject may 
be divided into two groups, namely, those who express their results in 
terms of hydrogen-ion concentration and those who express them in 
terms of hydroxyl-ion concentration. It is this conventional method of 
expression which has obscured the truth, for the effects of changes in 
concentration of the two ions upon an amphoteric system are propor- 
tional not to the concentration of either ion but to the ratio of the con- 
centrations of the two ions. 

It will be proven from this that the acidic effect varies directly as 
the square of the hydrogen-ion concentration or inversely as the square 
of the hydroxyl-ion, and the converse holds for the alkalinity. This is 
the reason for the remarkable sensitivity. 

This statement would not be true for a system that reacted with 


only one ion, but when the system is amphoteric each ion i and HO) 
is equally important, and when for example the hydrogen-ion is doubled 
the hydroxyl-ion is halved. Both these actions must be taken into ac- 
count, and it follows that in such a change the acidic action on the 
amphoteric colloid is not merely doubled but quadrupled. 

Such a quadruple effect occurs with so small a shift as 0-30 in the 
value of the logarithm of hydrogen-ion concentration (Pn). 

A change of unity in the logarithmic value would mean a ten-fold 
increase in hydrogen-ion and a reduction to one-tenth in hydroxyl-ion. 
This would mean colloid one hundred-fold as strongly combined with 
acid-ion as with alkali-ion. The biological result would be fixation and 
death, although in ordinary chemical nomenclature, the acidity would 
only equal that of a one-millionth normal solution of acid in distilled 
water. | 
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In order to functionate properly the colloid system must be held in 
lightest balance, there must not be present a concentration of any sub- 
stance possessing an adsorptive affinity for colloid so great as to lock up 
this constituent in firm union and exclude other substances. Such 
lockings occur in anesthesia and the toxic action of drugs; they also 
occur in acidosis and alkalosis, and the above law of variation with the 
square of concentration explains the delicate balance. 

These variations may be expressed mathematically : 

Using the usual conventions, let Cn, Con, Crren and Cp, on repre- 


sent concentrations of the two ions and of their adsorpates with protein 


(Pr), then by the Mass Action Law the following equations hold, there 
being supposed to be sufficient protein to saturate all ions: 

() Cpa = ky. Cn; 

(2) Cyron = kg Con (dividing (I) by (2)); 


k, 
(3) where K, = 
But from ionization, equation of water we have 


(4) Cn. Con = kz, or Con = 
Substituting this value in 
= E. lor - K. dor 

That i is the ratio of protein (or other adsorbing colloid) in combination 
with hydrogen-ion to that in combination with hydroxyl-ion varies 
directly as the square of the concentration of the hydrogen-ion. 

Call this ratio R and let R, and R, represent the two values corre- 
sponding to values of the hydrogen-ion of Cy, and Cy,, then we have: 


R, 
By substituting here any two observed values of hydrogen-ion the 
ratio of distribution of the protein may be determined. 


By J. G. 
PRIESTLEY. 


In the Proceedings of the Physiological Society of date Jan. 27, 1917, 
Buckmaster described the spectra observed when CO, is bubbled con- 
tinuously through a solution of oxyhmmoglobin. He states that a two- 
banded spectrum can always be observed under these conditions but 


ti 


en 
* 


re 
tl 
re 
P 


* 
4 
9. 
- 
| 
4 3 
re, 
fa, 
2 
* 
a 
| 
z 
7 
2 * 
e 
f 
* 
* 
. 
4 > 
re 
— 
— 
* 
af 
* 
> 
R. 
* 
4 
K 
* Fy 
vy 
| 
| 
| 
* 
be 
J 
9 
fn 
0 
7 
5 
¢ 
; & 
+ 
4 


SOCIETY, OCTOBER 18, 1919. : lix 


tejects the explanation that reduction is incomplete on the grounds that 
the double band disappears on evacuation with the blood pump to 
reappear when the CO, is readmitted and that there was no leak in the 
pump and that the CO, used was free from oxygen. 

He therefore regards the two-banded spectrum as due to the inter- 
action of CO, with hemoglobin. : 

It appeared to be possible that the explanation of the phenomena 
Observed might be that liquid CO, dissolves oxygen in considerable 
amount and that the composition of the gas in a cylinder containing 
liquid CO, might vary with the rate of evaporation of CO, 

Analyses however did not show any appreciable difference in the 
amount of oxygen in a cylinder containing liquid CO, (1) after the 
cylinder had been lying unused for some time, and (2) after brisk evapo- 

= ation of the CO, for an hour or more. In each case the gas analysed 
contained about 0-2 p.c. of oxygen. 

4 When this CO, was bubbled through dilute blood solution for an hour 
or two at room temperature (about 19° C.) the oxyhemoglobin bands 
became very faint but did not entirely disappear. The solution was then 
slightly warmed while the stream of CO, was continued. The double 
band entirely disappeared leaving only the single band of reduced 
hemoglobin. 

Pure CO, made from marble and hydrochloric acid was then bubbled 
through dilute blood solution kept at 5° C. The double band disappeared 
and was replaced by the single band of reduced hemoglobin. The solu- 
tion was kept at 5° C. and CO, from the cylinder was bubbled through 
in place of that made from marble. A very distinct double band re- 
appeared. The colour of the blood solution changed correspondingly. 

I therefore think that it is not necessary to assume that there is a 
CO, compound of hemoglobin which gives a double band closely re- 


sembling the spectrum of oxyhemoglobin. 


> On a cause of wave-like variations of activity in perfused 
hearts. By W. Burrince. 

€ After four or five hours of perfusion and experimenting the auricles 
ol the frog’s heart may lapse into a state of passive dilatation, their 
normal contractions not being recordable. When in this condition 
changes of perfusion pressure may produce interesting results conse- — 
quent on physical causes. 

In such an elastic bag as the auricles have now become the physical 
adaptation to an increase of internal pressure is the assumption of a 
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more spherical form. Experimentally this is actually observed. An 
increase of perfusion pressure produces a lateral bulging of the auricular 
walls and a shortening of the sino-ventricular diameter. On our tracings 
this shortening produces the same effect as does an increase of ventri- 
cular tone, 

The auricles may be extremely sensitive to changes in pressure and 
give records of even a few millimetres change. 

To keep perfusion pressure approximately constant, the inverted 
reservoir method is frequently adopted. In this method the main mass 
of fluid is contained in an inverted vessel the mouth of which dips 
under similar fluid in a funnel. This funnel is connected with the heart 
cannula and the pressure of perfusion is determined by the level of the 
fluid in the funnel. 

As fluid is lost by perfusion so the level of the fluid in the funnel 
sinks. It sinks until the mouth of the inverted. vessel constituting the 
reservoir is uncovered when a bubble of air ascends into this reservoir 
and some of its contained fluid descends into the funnel. The flow from 
this main reservoir is essentially discontinuous and produces slight varia- 
tions in the level of the fluid in the funnel and so also of perfusion 
pressure. Normally these slight variations produce no effect but in 


hearts with dilated auricles the physical response may be sufficient to 


influence our records. The influence in its effects simulates that which 
would otherwise be produced by waves of ventricular tonus. 

With each ascent of a bubble of air into the inverted reservoir and 
consequent influx of fluid into the funnel, our records show an apparent 
increase of ventricular tonus. This then subsides, with subsidence of 
fluid in the funnel until the next bubble ascends into the reservoir. 
The greater the diameter of the mouth of the inverted reservoir, the 
greater is the amplitude of these apparent waves of tonus. 


On the hydrogenion limits of cardiac activity. By W. Burripce. 
(Preliminary communication.) 


The limits of hydrogenion concentration within which cardiac 


activity is possible are much wider than is generally supposed. Two 
factors are chiefly concerned: 

(1) the condition of the heart; 

(2) the composition of the perfusing fluid. 

It has not been found possible to proceed in the one direction beyond 
Cy10-* (neutrality) but in the other direction cases have been found 
where activity has been better at C,10-™ than at O,10-. 
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Two chief errors of assumption have been made previously, viz. 
that a particular modification of Ringer’s solution was the solution and 
that the limits of activity found in the fresh heart perfused with that 
solution were the limits for the heart perfused with every solution. 

The behaviour of the heart perfused with Ringer's solution is also 
fundamentally different from that of the blood-containing heart inasmuch 
as faradisation of the base of the ventricle in the former case gives effects 
from which inhibition is apparently absent, whereas in the other 
inhibition predominates. And as the limits of hydrogenion concentration 
compatible with cardiac activity varies with the composition of the 
perfusing solution, we cannot, from experiments performed with Ringer’s 
solution, ascertain the limits for the blood-containing heart. 


Modifications in the technique of estimating oxygen in blood 
with Van Slyke’s apparatus. By E. P. Poutron. (Beit 
Memorial Research Fellow.) 3 


Van Slyke? has described the estimation of oxygen by means of his 
apparatus. There are disadvantages in his method of procedure. It is 
impossible to get all the blood which has been delivered beneath dilute 
ammonia, from the cup into the burette without stirring it up, since a layer 
of corpuscles sticks to the side of the cup. This stirring itself causes the 
ammonia to take up air. The ferricyanide solution, which should always 
be freshly: prepared, has to be freed from dissolved air, and even so some 
air may become dissolved during the manipulations and cause error. 

Modifications have been introduced which avoid these difficulties and 
shorten the estimation. 10 c.c. of dilute ammonia are shaken up with 
some crystals of potassium ferricyanide, a trace of saponin and 4 or 5 
drops of octyl alcohol. The mixture is placed in the cup* and drawn 
completely into the apparatus and sealed with mercury. The mercury 
reservoir is lowered and the dissolved air shaken out of the mixture which 
is then forced up into the cup. The blood pipette has a small ring of 
fine rubber tubing round the tip. By this means the pipette when full 
of blood is pressed down beneath the ferricyanide mixture on to the 
bottom of the cup and on turning the upper tap of the apparatus the 
blood is delivered directly into the burette without mixing with the 
ferricyanide. On removing the pipette, the last portion of blood is 
washed in by the ferricyanide mixture, 2 or 3 c.c. of the latter being 


1 Journal of Biol. Chem., 33. p. 127. 1918. 
2 The volume of the cup is 30 o.c. 
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allowed to remain behind in the cup. The tap is then sealed with mercury. 
The mercury reservoir is lowered and the gases extracted from the blood 
by shaking as described by Van Slyke. 

It has been found convenient to use a rubber teat for drawing up the 
blood into the pipette, the pull of the teat being moderated by a short 
piece of capillary tube plugged with cotton wool. The teat and tube 
are removed as soon as the pipette is in position in the cup. 

The following figures were obtained by this method for the oxygen 
combined with hemoglobin in 100 C. o. of sheep’s blood in four successive 
determinations: 11-3, 11-2, 11-3, 11-3 c. o. 


Modifications of Bielechowsky’s method for the study of the Cerebellum. By C. Da 
Fano, This Journal, 53. p. xiv, line 6. 

Instead of: Mod. 5. Place sections in pure pyridine for 4—12 hours. Wash in redis- 
tilled water” overnight. AgNO, 2% 08 37°C: ete., as before. 

Read: Mod. 5. Place sections in pure pyridine for 4—12 hours. Wash in redistilled 
water” overnight. Transfer sections into formalin 20%, prepared with “redistilled 

water, for about 24 hours. Wash again in “wedistilied ‘water™ overnight. AgNO, 2 9% 
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A simple frontal writing point. By C. Lovarr Evans. 


The drawbacks of tangential writing for slow and extensive move- 
ments, such as those involved in a record of the contractions of plain 
muscle, or of the respiratory movements, are too familiar to need 
enumeration. Various frontal writing levers have been devised from 
time to time, e. g., those of Géhara (Act. Schol. Med. Kyoto, 2. 399. 1918) 
to circumvent these difficulties, but these are often elaborate and usually 
heavy. 

The following simple and light writing point may be constructed in 
a few minutes, and when attached to an ordinary light lever, serves well 
for the kind of record under consideration. 

The figure shows the lever-point full size: (ab) is a piece of paper with 
peritoneum hinge (4) made according to the description by Bayliss 
(Proc. Physiol. Soc. 45, xxxi. 1912): (cd) is a fine glass capillary or a piece 
of light cane with glass writing point at (c) and a pellet of plasticine of 
suitable weight (about 0-1 grm.) at (d): this capillary is fixed to the 
upper surface of one joint (a) of the paper hinge by drops of cement at 
(e) and (J). To the under surface of the other joint (5) is affixed a glass 
capillary (g) which serves to attach the writing point to the lever (ö). 
This attachment is conveniently accomplished by first of all fixing to 
the lever a short length of wider capillary (v), into which (9) is then slid: 
when the inclination of the paper hinge is correct, the capillary (g) is 
fixed in position on () by a tiny drop of cement at (H. 

Attention must be given to the following points: 

(1) (cd) must be at right angles to the hinge (hh), and in a line with 
the lever (): the hinge (hk) must be parallel to the axis of the lever. 

(2) To avoid side-lash the gap in the paper hinge which is closed by 
peritoneum must be very narrow (about 0-2 mm.) and the hinge should 
be about 2-2-50m. broad. The lever itself must be rigid: fairly thick 
aluminium is suitable. 
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(8) The distance of the hinge from the recording surface must be = 
adjusted by trial so that a suitable excursion is possible, without the a 
writing point catching or missing the paper. Once this adjustment is 
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made no further attention is required, even if the writing surface is some- 
what uneven. 
It is clear that the extent of vertical movement of the writing point 
(o) is not exactly proportional to that of the end of the lever () since the 
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horizontal distance between (c) and (i) varies with the position of the 
lever, but the error is not greater than that involved in tangential writing, 
and may if necessary be corrected. The weight of the writing point is 
from 0-2-0-3 gram. 2 


-3 


The metabolism of carbohydrates. By J. A. Hewrrr and Joun 
Pryve. (Preliminary communication.) 


As a result of a collaboration of the Chemistry and Physiology 
Departments of this University, investigations have recently been 
initiated in the latter department on the stereo-chemistry of certain 
carbohydrates in the alimentary canal. 

The results obtained so far appear to indicate that the mechanism of 
absorption of d-glucose is more complicated than has hitherto been recog- 
nised 


A determination of the percentage absorption of this hexose tends 
to show that the relative proportion of a and of f; forms in the intestine 
is not that of an equilibrated aqueous solution. 

Opinion is reserved as to whether this is due to preferential absorp- 
tion of one form or to a change from one stereoisomeride to the other, or 
again to the formation of another form of glucose. 

Since the commencement of this work our attention has been drawn 
to a reference to a possible preferential metabolism of the stereoiso- 
merides of glucose in the animal body. (Armstrong, The Simple Carbo- 
hydrates and Glucosides, p. 23. 1919.) 

We have therefore deemed it advisable to record that experiments 
on this point are in progress and are being continued. 
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The CO, dissociation curves of human oxygenated and reduced 
blood and human plasma. By J. Jorrz, Hilda and Ronald 
Poulton Student at Guy’s Hospital, and E. P. Povtron, Beit 
Memorial Research Fellow. (Preliminary Communication.) 


Some recent unpublished observations by Laidlaw and Poulton 
indicated that the red blood corpuscles play an important part in the 
carriage of CO,. We have investigated the matter further. J. J. “s 
defibrinated blood was exposed for 15 minutes at 38°C, to varying 
pressures of CO, in a series of tonometers. The blood sample was de- 
livered beneath liquid paraffin into two tubes. The CO, content of the 
whole blood in one of the tubes was determined by Van Slyke’s method. 
The other sample was immediately centrifuged and the CO, in the 
plasma determined, For the reduced blood and plasma the tonometers 
were filled with nitrogen. Before adding the blood to the tonometers it 
was shaken with nitrogen and CO, in a large vessel to get rid of most of 
the oxygen. Even so it was found that the blood was not completely 
reduced. It was usually about 10 p.c. or 15 p. o. saturated with oxygen. 

By this means four dissociation curves (columns 1-5 in the table) were 
constructed. Hematocrit determinations were made on each sample. 
The blood was found to contain 50-95 p.c. by volume of corpuscles (mean 
value). Using this figure the CO, content of the plasma and corpuscles 
of 100 C. 0. blood can be calculated. It was found that the reduced 
corpuscles and plasma contained respectively more CO, than the oxy- 


genated corpuscles and plasma. These differences, per 100 C. c. blood. 


are shown in columns 6 and 7. Adding these differences together we get 
13-0 volumes for the plasma and 30-8 for the corpuscles, which means 


that the result of oxygenating blood is to cause a loss of CO, which is 


rather more than twice as great for the corpuscles as for the plasma. 
Hence the transport of CO, in the blood is chiefly carried out by the 
corpuscles. 
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Column 8 gives the dissociation curve of plasma which had been 
previously separated from the corpuscles immediately after the blood 
had been whipped. As might be expected from Hasselbalch and 
Warburg’s’ results, this is quite different from the other plasma curves 
(columns 3 and 5). In fact it is remarkable how these latter curves run 


nearly parallel to the corresponding blood curves. Now, since Parsons 


has shown that Hasse) balch’s formula for py from the free and com- 
bined CO, is applicable to plasma, but not to blood, it would seem that 
the hydrogen ion concentration of a sample of blood could be determined 
by centrifuging off the plasma without loss of CO,, and estimating its 
00, content, and using this to calculate the pg of the sample. 


CO, Dissociation Curves of Human Blood and Plasma. 


— difference between 
OO, contained in 100 c.c. of Of reduced blood 

mm. c. cc. 0. c. ce. 0. ce. 
10 22-4 29-9 28-8 32-0 0-4 6-0 41-5 
20 31-8 39-3 37-3 43-4 1-9 3-6 48-0 
30 39-0 46-8 44:5 50-7 19 3-6 50-8 
40 45-0 52-8 50-4 57-1 21 3-3 53-1 
55 52-3 61-0 58-1 65-1 2-0 3-8 56-6 
70 58-5 67-8 65-0 72-0 2-0 4-5 60-3 
90 64-3 741 73-0 79-5 2-7 6-0 

376 124˙3 180 

610 1413 152°3 


The preservation of congo red fibrin. By H. E. Roar. 


In describing the preparation of congo red fibrin I stated that it 
could be preserved in equal parts of glycerine and water (Biochem. J. 
m, p. 188, 1908). Later on I adopted the following procedure. After 
staining and washing, the fibrin is well squeezed and spread in a thin 
layer to dry. When dry it is powdered by pestle and mortar in which 
condition it keeps well. 

The specimen shown is over five years old. Samples have been 
soaked for twenty-four hours in 9-2 p.c. HCI and in 0-5 p.c. Na, CO, 
without any of the colour coming out whilst at 40° C. for fifteen minutes 
with pepsin and trypsin respectively there is a marked liberation of 
colour from the congo red fibrin. 


1 Bioch. Zeitschr. (1918), 86. p. 410. 
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The heat produced during the relaxation of muscle. By A. V. 
HIL and W. HARTRER. (Preliminary communication.) 


The muscle on excitation liberates energy’ partly in the form of 
heat, partly in the form of mechanical potential energy: if the muscle 
be allowed to shorten this potential energy is transformed into mechanical 
work, to a degree depending upon the conditions of loading. The question 
arises as to what happens to this potential energy when the muscle is 
not allowed to shorten. 

The mechanism of relaxation is obscure, but whatever it be, the 
potential energy of the excited muscle must—if not previously employed 
in doing work—either reappear as heat or be reabsorbed as the “ free 
energy of a chemical or physical system ready to be released in a sub- 
sequent contraction. The following experiments were designed to test 
these alternatives, 


OF MN 

derLection 

60 

40 CURVES OF GALN® 

DEFLECTION. 

20 

SECONDS 
0 4 


By means of photographic recording it is possible to analyse the time 
course of the heat - produotion during the first few seconds following 
excitation. In Fig. 1 are three curves showing the deflections produced 
on the galvanometer: (A) by a tetanus lasting for 1-2 secs., (B) by a 
tetanus lasting for 0-1 sec., and (C) by a “control heating” lasting for 


1 A.V. Hill. Journal of Physiol. 46. p. 446. 1913. 
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| 0-1 sec., and produced by passing an alternating current through the 


| 
2 
18 


1 same muscle on the same thermopile after death. 


It,is obvious that appreciable quantities of heat must be liberated 
by the live muscle after the excitation is complete, for no other plausible 
explanation of the difference between curves (B) and (C) can be given. 
In order to increase the difference, and therewith the accuracy of ana- 
lysis, the experiments have been conducted mainly at 0° C., where the 
processes of contraction and relaxation are much slower: the same 
results however can be obtained at higher temperatures, and we are 
attempting to repeat the experiments at —5°C. The curves (A) and 
(B) of Fig. 1 can be analysed by the aid of curve (C), and the results 
of such an analysis are exhibited in Fig. 2, which gives the heat produced 
in successive intervals of, 0-2 sec. by a pair of sartorius muscles of a 
frog. 


_CALORIES PER 
0002 onde 
_ GRAM OF MUSCLE 


TEMP. OC. TEMP. OC. 
TimE OF TIME OF 
STIMULATION STIMULATION 
2 SEC. Ol Set 
0000 „ 000 — 
TENSION 


0 5 0 rs sec 


Fig. 2. 


The right-hand side of Fig. 2 represents the analysis of curve (B), 
and the left-hand side the analysis of curve (A) of Fig. 1. Typical tension 
curves given by similar muscles at the same temperature are shown in 
the figure. It is seen that there is a considerable evolution of heat 
during the development and maintenance of the tension, followed by 
an interval during which no heat is evolved, and followed again by a 
considerable evolution of heat during or immediately after relaxation. This 
delayed heat production occurs equally in oxygen or nitrogen and is 
not due therefore to the oxidative “recovery” processes’ occurring 
in oxygen for several minutes after contraction. It must rather be 


A v. Hill. Journal of Physiol. 46. p. 79, 1913, 
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regarded as accompanying the irreversible physical or chemical processes 
by which the potential energy of the excited muscle “leaks away” 
during relaxation. 


recording of the heat-production of muscles. By 
A. V. and W. Hartree. 


In order to follow more accurately the time- relations of the heat- pro- 
duction of muscles it has been necessary in recent experiments to adopt 
photographic recording. The thermopile and muscle-chamber employed 
have been of the type described in a previous communication! to the 
Society, and the galvanometer has been a highly sensitive astatic Paschen 
instrument purchased from the Cambridge Scientific Instrument Coy., 
and used at as low a sensitivity as possible in order to produce the more 
rapid movements. The illumination is carried out by means of a 4 to 6 
volt half-watt spiral filament Osram lamp, with a vertical slit in front 
of the condenser. The image of the slit is focussed on to a drum carrying 
sensitive bromide paper, and condensed to a spot by means of a hori- 
zontal cylindrical lens. The beam of light is interrupted every 1 sec. by 
a shutter worked by a Brodie clock, and the moment at which the 


= 


4 

4 
= 


Photographic record of deflection produced in Paschen galvanometer by rise of tem- 
perature of sartorius muscle of frog at 10°C. stimulated (as shown) for 1-0 sec. 
by an alternating current of about 1 volt and of 90 periods per sec. Sensitivity 
1 mm.=1'4x 10 amps. Time marks shown in seconds on the curve. Nickel- gold 
thermopile with 100 couples. Record about half-size. 


stimulus begins is shown by the end of a gap in the curve: the end of this 
gap is produced automatically by the opening of a key by means of the 
same mechanism as starts the stimulus. In this way admirable timed 
photographic records can be obtained, as shown in the figure, which 
can be read to the nearest 0-1 mm. and used in an analysis of the time- 
relations of the heat-production. The degree of accuracy and consistency 


1 Proc. Physiol. Society, July, 1919, 


— 


Big 
* 
* 
4 
‘ 
3 
2 
4 a 
d 
A 
' 
; 
« 4 
. 
q 3 
. 
— 
4 
2 4 
4 
P 
a 
q 
; 4 
— 4 
* 
3 
5 


SOCIETY, DECEMBER 20, 1919. ixxi 
can be gauged from the fact that four successive “control” observations 


% will usually differ from their mean at all points of the curve by an 
average of not more than 0-3 p. c. of the maximum reading. 


It is necessary of course to analyse the records in order to obtain the 
true course of the heat-production, just as it is necessary to analyse the 
photographs made with a capillary electrometer in order to obtain the 
true course of the electric variation. The method of doing so involves 
the use of a “control curve,” which is the curve produced by warming 
the same muscle after death on the same thermopile and under the same 
conditions as obtained during life. The warming is done by means of an 
alternating current, which in our experiments has been of about 24 volts, 
90 periods, and lasting for a time of 0-1 sec. 

The method of analysis is somewhat laborious, as owing to the variety 


g o factors involved (heat-conductivity of muscle, insulation and thermo- 
pile, Mertia and damping of magnet system, heat loss by conduction, 


convection and radiation) the curves obtained are (mathematically 


considered) very complicated. It can however be shown, both experi- 


mentally and theoretically, that just as any system of sound waves or 


} tides can be built up out of a series of sine curves, of different periods, 


amplitudes and phases, so the curve produced by any type of heat-pro- 
duction can be built up of a number of “control” curves of different 
amplitude and starting after different intervals from the commence- 
ment of excitation. By giving electrically to the dead muscle a heat- 
production of known time-relations and analysing the deflection caused, 
it is possible to show that the method of analysis yields correct results. 
The possibility of this analysis appears to open up a wide field of 
research, and it seems desirable to make an extensive series of observa- 
tions on a variety of muscles and under a variety of conditions. The 
heat-production is an accompaniment of internal activity which in this 
way it is possible to follow exactly in point of time, and to express in 
absolute units. 


The fineness of the analysis is limited by the accuracy and reliability of the curves, 
and with the present curves may be expressed by saying that no advantage results from 
employing intervals of less than 0:2 sec. in the calculations. 


The efficacy of thoroughly drying clothes. By LEonarD HILI 
and D. Harcoop Asx. 


Experiments were carried out to determine the rise of temperature 


of different clothing materials when dried and then exposed to a moist 
atmosphere or — in water. 
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Some of the materials used were woollen, cotton, linen and silk. 

(1) A strip of the material to be tested was out, and rolled up, e. g. 
three layers thick, so that a thermometer could be passed into the centre 
of the roll. The roll was then dried and the thermometer inserted, the 
thermometer passed through a cork which fitted tightly into a glass 
tube. The tube was also dried and the thermometer with the material 
round the bulb inserted, and the apparatus then left in the position 

where the observation was to take place until the reading of the ther- 

mometer in the tube gave the same reading as one near to it outside the 
tube. The tube was then removed and the rise of mercury in the ther- 
mometer noted. 

(2) When the material was to be immersed in water, two similar 
thermocouples, one immersed in the water and one with the material 
wrapped round it, the cold junctions of each being in ice, were used in 
place of the thermometers. 

A considerable rise of temperature was found with all the above 
materials when exposed to the ordinary damp air of a room in spite of 
the rate of cooling in room air due to convection and radiation. 

For example 1-07 gm. of woollen material rose from 16° to 22°-9 C. 
in seven minutes. A sample of linen gave a rise from 7° to 11,6 C. in 
9-5 minutes. Other similar results were obtained but no attempt was 
made to ensure that the conditions were exactly the same and the 
results cannot therefore be taken as strictly comparable. The same effect 
was observed at higher temperatures, a sample of 0-80 gm. of linen 
giving a rise from 33°-6-41°-8 C. in about four minutes, in this case the 
air was saturated with moisture. Breathing under dry bed clothes will 


have this warming effect, so too the evaporation of moisture from the 


skin on putting on well aired dry clothes. 

When the substances were immersed in water, the rise of temperature 
of the water was noted, and the heat gain approximately calculated. In 
this way the heat produced when 1-84gm. of cotton material was 
immersed was found to be 41-3 calories—approximately 22} calories per 
gm. Horace Brown found 20 calories per gm. for dry starch. 

The heat production may be due to a variety of causes, among these 
being the heat of condensation of the vapour, heat of chemical combina- 
tion, heat of adsorption. 

Observations have been made previously on the production of heat 
on the taking up of water by dry materials such as starch by Horace 
Brown and cotton wool by Masson. We are indebted to the former 
for drawing our attention to this matter in connection with clothing. 
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The physiological cost of Tailor’s work measured by CO, and 
expressed in calories. By A. D. Water and G. Dx Deoxzr. 


( ig By the courtesy of Messrs Cooling and Lawrence, Tailors, of 47 Mad- 

bt dox Street, we have received an opportunity of taking hourly measure- 
ments in their workshops of the CO, ordinate of tailors and tailoresses 
during their ordinary work. The conditions of work dnd of observation 


have been most favourable, i.e. the work is remunerated by the piece 4 
} and is therefore at full pressure, and the employés and employéee of the | 
fitm have lent themselves to our purpose with the utmost goodwill. 1 
4 
4 . Table I. Physiological cost of tailors’ work in net kilo-calories. a 
Kals 
Hours Total Kals Kals per sq. 
Weight, H of metre 1 
3 Date Name Age kilos q. metres per hour 
am, Oct. 23 KE. G. B. 34 60 166 4166 10 1780 178 112 (67)* “4 
„ 24 5 ” ” ” 1 10 1166 117 53 32 4 
Th. ” 30 ” * ” ” * 9 1120 123 65 39 a 
; Fr. „ 31 ” ” ” ” ” 10 1279 128 62 37 y 
' Sat. Nov. I ” ” ” ” ” 4 472 1 18 52 31 4 
> Oct, 23 J. P. 70 636 170 173 10 1860 157 88 84 a 
1 „ 24 ” ” ” ” * ” 1352 135 66 38 4 
1 a ” 31 ” ” ” ” ” ” 1351 123 54 31 ; . 
me CA 3 6 172 173 % 1080 191 30 
„ 31 ” ” ” ” ” 11 1112 101 18 
2 Nov. 1 ” ” ” ” ” 5 544 109 23 9 
Ve 
a Oct. 24 J.8 63 68:2 165 168 10 1088 109 42 25 , 
5 „ 30 ” ” ” ” ” 10 1338 134 67 40 * 
75 ” 31 ” ” ” ” ” 10 982 98 31 18 * 
Nov. 1 55 * ” ” * 6 770 128 61 36 4 
Mean=32'4+41°5 
Women 
» Oct. 24 Miss R. F. 32 455 # 1-62 1-45 7 821 109 5 t 
„ 30 5 1472 173 115 (79)* 
” 31 ” ” ” ” ” 7 740 99 4 28 1 
Nov. ” ” ” 4 482 120 62 43 
Oct. 24 Miss N. 8. B. 30 51 165 154 7 1026 137 15 40 a 
” 30 ” 99 * ” ” 1134 133 71 46 5 
* 31 ” ” ” ” ” 7 787 105 43 28 8 
Nov. 1 ” ” ” ” * 4 416 104 42 27 - a 
Mean = 36'6+ 2˙3 
Started values are treated as exceptional, the first by reason of excited tion, the second by 7 
reason of a feverish cold, and have not been taken into reckoning for getting out the arithmetic mean. ; 
The rest value of CO been taken as 2 0.0. per square metre per sec. (=40 Kals per hour). A ; 
somewhat lower base line— correspondingly higher net cost—come out from the observed lowest 5 
ue of CO, at rest. On this basis the values in the text 32°4 and 36-6 become 37 and 43. The choice a 
dase line will be discussed in our detailed account. For the caleulation from CO, per sec. to Kals 4 
hour we have used the factor x 20 which corresponds with a heat value =5-68 per c.c. CO,, g | 
a a 
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The observations were taken every hour upon four men and two 
women for 17 and for 7 complete days respectively, the former at work for 
10 hours net per day and the latter for 73. The work consisted of sewing 
by hand, sewing by machine, and pressing by irons weighing 30 Ibs. 
and 10 Ibs. respectively. The ordinates, when plotted, exhibit a regular 
increase and decrease corresponding with these operations, as will be 
seen from our detailed report. At present we are presenting only a 
shortest possible summary of our results—observed in c.c.’s of CO, 
discharged per second, calculated finally in terms of kilo-calories (Kals) 
per hour per square metre of body surface. 

These numbers should be compared with the following analogous 
numbers calculated from the CO, output of dock labourers as reported 
at a previous meeting. 

The net output of e.g. Tom King during 2 days of maximal work 
(coaling) was at the rate of 170 kalories per square metre per hour. 

The hourly CO, values for the week’s work of this man have been 
given in the Proceedings of Jan. 25, 1919. From these values for the last 
3 hours of the two days’ piece-work (Dec. 13 and 16) and of the two days’ 
time-work (Dec. 17 and 18), the cost of piece-work and of time-work was 
averaged at 21 c.c. and 14 c. c. CO, per sec. respectively. Calculating 
from the entire area of work for these same days the net cost in the two 
cases comes out in very nearly the same proportion, though of course of 
lower values, viz. at 17 and 11 c.c. per sec. respectively or 340 and 220 
kalories per hour. Of the two mixed days Dec. 14 was chiefly time-work 
and the net average cost per man per day for the whole week of mixed 
work comes out = 2176 kalories, as compared with the tailor’s net 
average per man per day of 8 hours = 463 kalories. 

We consider as essential that observations on workers should be 
carried out as nearly as possible during normal work, preferably during 
piece-work, when the worker is earning money at full pressure and is 
therefore to be regarded as putting out maximum physiological energy. 

The recent estimations of energy requirements of strenuous workers’, 
based upon calculations of the exact calorimetric values of CO, given out 
and of O, taken in by workers producing less than a 50 per cent. output 
or working no more than 5 minutes in the hour, as made by Greenwood, 
Hodson and Tebb, appear to us to be very questionable. 


Report on the Metabolism of Female Munition Workers. Proc. Roy, Soc. B. vol. 91. 
1919, p. 62. 
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Absorption of CO gas by hmwmoglobin-gelatine films. By H. 


In a previous paper I have described a method of making colour 
filters from mixtures of gelatine and hmmoglobina). Certain aspects of 
the absorption of CO gas by such films have now been studied. For 
making the films the following technique was used. Into clean dry test 
tubes was poured a warmed mixture of one part laked blood to four 
parts 10 per cent. gelatine. The greater part of the fluid was now poured 
out again leaving a thin film adhering to the glass. The thickness of this 
film can be controlled by allowing a greater or less amount to run out 
before placing the tube in the horizontal position. The thickness of film 
was so adjusted that the absorption bands seen in the reversion spec- 
troscope(2) were of the correct density for estimations of their positions 
to be made. 

With tubes W in this way the 8 experiments were 
performed: 

Ezp. 1. To one test tube containing a moist film was attached a 
well-fitting rubber cork, which had been bored and fitted with two glass 
tubes, one of which stopped short at the mouth, the other passing to 
the bottom end of the test tube. Through the test tube was now passed 
a stream of coal gas, the position of the alpha bands of hewmoglobin 
being watched through the reversion spectroscope. The absorption of 
CO gas was found to take place fairly rapidly, after eight minutes the 
hemoglobin was found to be approximately half saturated with CO. 

Ezp. 2. A second test tube containing a film was placed in the 
draught of an electric fan until the film was dry. Coal gas was now 
passed as in Exp. 1. Absorption took place very slowly. At the end of 
nine hours not more than 5 per cent. COHb was present. It should 
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be noted that such a film allowed to dry in air contains a small amount 


of water. 

Exp. 3. From the film in a third tube the water was removed, by 
passing over it a stream of air dried by bubbling through strong sulphuric 
acid. At the end of nine hours the film was found to have contracted 
and partially peeled off the inside of the test tube, sufficient remained 
however for spectroscopic measurement. Coal gas that had bubbled 
through sulphuric acid was now passed for 16 hours, but at the end of 
this period no CO gas appeared to have combined with the hemoglobin. 

Exp. 4. On Mr Barcroft’s suggestion, attempts were made to 
prepare films of reduced hemoglobin in order to compare their behaviour 
with those of films of oxyhmmoglobin. Four methods of reducing the 
films were tried: (a) by passing pure nitrogen for 16 hours, (b) by passing 
moist nitrogen, the film being at 38° C., (e) by bubbling pure nitrogen 
through the liquid mixture of hemoglobin and gelatine, (d) by placing 
in the tube 98 per cent. alcohol containing ammonjum sulphide. None 
of these methods was absolutely successful. In every case the bands of 


O, Hb could be faintly recognized, and in the last case those of hemo-. 


chromogen as well. Dry nitrogen was now passed in order to remove 
any water present in the film, and then dry coal gas was passed for 
some hours. No COHb was found by the reversion spectroscope. 
Although probably not more than half the hemoglobin had been re- 
duced, yet this reduced hemoglobin had not combined with the carbon 
monoxide present in the coal gas. 

The conclusion that I would draw from these experiments is that 
moisture is essential for the combination of hemoglobin in gelatine and 
carbon monoxide. A fresh set of experiments were now commenced in 
order to determine the rate of diffusion of CO gas into moist gelatine 
containing hemoglobin. 

Exp. 5. A test tube was half filled with 10 per cent. gelatine to 
which had been added some hwmoglobin, to act as an indicator. Coal 
gas was now passed over the surface in a steady stream for some hours. 
After four hours COHb could be detected approximately 10 mm. 


beneath the surface, and after 15 hours the distance was found to have 


increased to 20 mm. The experiment was now repeated using a mixture 
of air and one-tenth per cent. CO gas. It was found that after 16 hours 
COHb could be detected at a depth of 15 mm. 

Now from the above data it should be possible to calculate the time 
taken for CO gas to fully saturate a blood corpuscle. This is done as 
follows: experiments on diffusion of gases have shown that depth varies 
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with square root of time approximately. Stating depth in mm. and time 


in seconds, K the ratio between them is found to equal -0625. To 
penetrate to the centre of a corpuscle, i.e. a distance of zu, will therefore 
take -0005 secs. But this is the time required to produce 2-5 per cent. 


CO saturation ina -4 per cent. solution of Hb. In order to produce full 


saturation in a 40 per cent. solution (this being the estimated strength 
in a corpuscle), calculation shows that the diffusion of CO gas will take 
two seconds. Experiments are now being devised for measuring this 
time by direct observation. 


(1) Hartridge. Journ. Physiol. 61. p. 252. 1917. 
(2) Hartridge. Journ. Physiol. 44. p. I. 1912. 


Spectroscopic methods of estimating CO in blood. By H. 
HARTRIDGE. 


In a recent paper Krogh has described a spectroscopic method of 
estimating CO in blood. He states there that his experiments are pre- 
liminary to a more complete investigation of the possibilities of the 
method. As this method is, however, one which I tried when designing 


Sample 


Diagram 1. Spectra of adjustable dispersion are produced by the two diffraction gratings 


A and B. When the axes of both are vertical the Ist order spectram has no disper- — 


sion ; when the axes of both are horizontal, the lst order spectrum has the maximum 
dispersion, equal to twice the dispersion of each grating alone. Any intermediate 
position (¢.g. that shown by the 4 and B axes) gives corresponding dispersion. The 
slit is illuminated by those beams ab, be and cd which are produced and brought into 
juxtaposition by the priams X, T and Z. It will be seen that the beams ab and cd 
have passed through a double wedge trough, one compartment of which contains 
_ oxy, and the other carbon monoxide hemoglobin; while the beam be has passed 
through the sample. By altering the position of the double wedge trough so that 
the three resulting spectra appear alike, the relative amounts of O, Hb and COHb in the 
sample may be ascertained. 
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my spectroscope, it is possible that my own experiences with it may be of 
interest. 

Method 1. Diluted blood sample for one spectrum, wedge troughs for 
other. Substantially similar to Krogh’s arrangement. By the use of 
two crossed diffractive gratings, however, the dispersion of the spectra 
could. be adjusted, also the comparison-spectrum was split so as to flank 
the sample. spectrum on beth sides, without any interval. This was 
obtained by the optical system illustrated in the diagram below. 

By this means a more accurate comparison could be made than by 
any other arrangement that I was able to devise. Even then, however, 
I did not obtain a greater accuracy than 4 or 5 per cent. in the CO 
determination, and a further disadvantage of the method was that it 
appeared to be necessary to use blood from the same animal for the wedge 
troughs (or at all events from the same species of animal) as that which 
formed the sample to be measured, This seemed to be due to peculiarity 
in the positions of the absorption bands. I am not, however, thoroughly 
satisfied with this explanation. 

Method 2. Light was passed through the sample to be measured, in 
order to form one spectrum and through a solution of sheep’s oxyhemo- 
globin to form the other, a glass plate micrometer being fitted to the 


Glass Plate 
— Micrometer 
Gratings Lenses 
To | | 
Eye 
N 
Sph. Cy. 
QO. Hb 


Diagram 2, Spectra of adjustable dispersion obtained as above in Method 1. The slit is 
illuminated by two beams ab and be, which are produced and brought into juxtaposi- 
tion by the V“ plates P and Q. It will be seen that the beams ab had passed. through 
the sample and the glass plate micrometer, while the beam be has passed through a 
solution of oxyhmmoglobin. If the sample contains some carbon monoxide hamo- 
globin a rotation of the glass plate micrometer will be necessary in order that the 
“alpha” absorption band may be in line with that of the O, Hb. The rotation of the 
micrometer therefore gives a measure of the OO saturation of the sample. 


spectroscope so that the one spectrum could be moved in relationship 
to the other until the alpha bands appear to be.in line with one another. 
This method proved less subject to variation from the effect of species 
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than che previous one, but very much less accurate, owing to the 
difference in the distribution of intensity in the two spectra. 
Method 3. The spectroscopic method that I have previously de- 


seribed*. This was found to be the most satisfactory method that I was 
able to devise. 


Microscopic illumination. By H. Harraipar. 


In the diagram below is shown a method of microscope illumination 
in which the light source forms part of the substage. The source itself 
consists of a slip of opal glass which is illuminated from behind by a 
half Watt electric lamp, which obtains its current from a suitable 


accumulator or dry cell. In front of the opal glass is an iris diaphragm, 


and the whole is mounted on a centering ring which is attached to the 


tail piece in place of the mirror. 
1 Hartridge. Journ. Physiol. p. I. 1912. 
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The substage condenser and its mountings are used in the ordinary 
way, except that below the condenser iris is placed a low power achro- 
matic lens of approximately 3“ focal length. This causes the image of 
the radiant iris, which the substage condenser forms on the slide, to be 
free from spherical and chromatic aberration. As the radiant iris is 
altered in diameter its image on the slide similarly changes so that the 
area illuminated may be varied in size to suit high or low magnifications. 

It is found that restricting the illuminated area to that part of the a 
slide required for examination has the effect of increasing considerably : 
the definition. This is brought about (1) by decreasing the amount of 
light scattered and reflected by the optical system of the microscope, 
(2) by decreasing the amount of light scattered within the eye, (3) by 
increasing contrast. a 

Other advantages of the method are (I) that the microscope and its 7 
light source form one complete instrument without the necessity of 1 
additional apparatus such as lamps and bulls-eye lenses, (2) that the * 
microscope may be removed from its case, ready for immediate use 4 
since the alignment of the parts of the optical system is preserved, = 
(3) that the microscope may be moved from place to place or tilted to * 
the required degree without necessitating readjustment of the substage. N 

The theory of the method from the point of view of the optics of 8 
microscopy has been dealt with, at length, in a previous paper“. 3 


Metal cannula for perfusion experiments. By H. Harrrinaz. 
The glass cannula being found unsuitable for class purposes owing to 
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the number of breakages that occur, a metal cannula has been designed 


* Hartridge. Journ. Quekett, Micro, Soc. Nov. 1919, 
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which possesses some useful features. This is shown in the diagram 
against a centimeter scale. 

The body was made of German silver (but would be better made 
from coin silver), the fine silver tube being soft soldered into it. This 
tube was drawn -95 mm. diameter outside with a hole -35 mm. (80 gauge 
Morse) in it. It is found to enter readily the larger vessels of the 
arterial system of the frog, being tied into the vessel with silk in the 
usual way. To prevent the cannula being accidentally withdrawn the 
ends of the silk are passed over the cleats as shown in the drawing 
at B and C. 


Shape of red blood corpuscles. By H. HART DR. 


Several reasons can be advanced for the disc-like shape of the red 
blood corpuscles (1) in order that the surface exposed shall be large for 
a given bulk, (2) so that change in volume of the contents may take 
place without straining the envelope excessively; the concave sides of 
the blood discs having the same mechanical properties as the bottom 
of an oil can. It would seem that another explanation for the concave 
shape of the sides of the discs can be advanced. 

that of clastic 
envelope containing a homogeneous matrix, then the most efficient shape 
for the corpuscle would seem to be that which allows the whole of the 
contents to be saturated in the same interval of time, and not that the 
edges should be saturated before the centre or vice versa. 

In the case of a sphere for example, gases will diffuse in at the 
periphery and will reach the centre at the same moment. In the case of 
an infinitely thin flat disc also the gases will reach different parts of the 
middle stratum at the same moment. So that the sphere and the thin 
flat disc are two geometrical figures which would have the required pro- 
perty. But as pointed out above the sphere offers a smaller surface for 
a given bulb than the disc does, and on the other hand in an infinitely 
thin disc the envelope will be increased at the expense of the contents. 


Between these two extremes will be found the compromise which gives 


the greatest efficiency, namely a disc the thickness of which is compar- 
able to its diameter (in man between one-tenth and one-eighth). If such 
a disc were of uniform thickness gases would saturate the peripheral 
sooner than the central portions, because gasses gain access not only 
at the flat surfaces but also at the edges. The obvious way of compen- 


sating for this is to make the edges thicker than the centre, thus making. 


the flat surfaces become concave. 
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Acetone for freezing microtomes. By H. Harrripvce. 


Finding the cost of ether for freezing microtomes prohibitive, I made 
enquiries for a suitable substitute. I have to thank Professor Heycock 
for suggesting acetone. We find that in practice it is more satisfactory 
than ether, because, while its initial cost is considerably lower, the amount 
used is less, and there is less risk of over-freezing the specimen. Further 
economy has been effected by fitting a tin funnel beneath the microtome 
so that unvaporised acetone is returned to the bottle. The compressed 
air supply of the laboratory is now being used for blowing the freezing 
apparatus; this not only avoids the initial expense and upkeep of rubber 
bellows, but reduces the work of the operator. 


A water-soluble immersion fluid. By H. HARTR Dx. 


Cedar-wood oil, which has become so much a part of the immersion 
objective, has certain inherent disadvantages; (i) it is difficult to clean 
off the slides; (ii) when used on specimens in water, it tends to lift the 
cover glass, and to cause it to adhere to the objective mount; (iii) it is 
costly ; (iv) it dissolves lacquer from brass-work. 

I have found that an immersion solution that does not suffer from 
these defects may be prepared by nearly saturating 50 per cent. 
glycerine in water with potassium iodide. It is important that the 
refractive index should be the same as crown glass. A simple test is to 
place a glass rod into the solution; when the correct refractive index 
has been obtained the rod becomes nearly invisible. 

A viscous immersion medium, also soluble in water and of great 
value for use with the sub-stage condenser, is obtained by nearly satura- 
ting sugar with KI. Both media give definition that with ordinary and 
apochromatic objectives is practically identical with that of cedar-wood 
oil. Both media are non-poisonous, and have no destructive action on 
either lenses or brass-work. 


CO in tobacco smoke. By H. Harrnzinae. 


Some CO hemoglobin being required for a demonstration, and no 
coal gas or pure CO gas being available, the idea of aspirating a cigarette 
through a solution of Hb by means of a filter pump presented itself. The 
necessary apparatus having been connected up, the smoke was allowed to 
bubble slowly through the solution for a few minutes. At the end of this 
time half the cigarette had been consumed and the reversion spectroscope! 

1 Journ, Physiol. 44. p. I. 1012. 
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‘led obviously to the identification of COHb in an habitual smoker. One 


minutes. 


i scope, on the first plate of glass is placed a drop of dammar-xylene, and 
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showed the presence of 60 per cent. COHb. On another occasion } of a 
cigarette was found to have produced 38 per cent. COHb. These results 


such allowed a sample of blood to be removed for analysis and 6 per cent. 
COHb wasfound. Another gave a negative result. 

These observations appear to indicate the possibility of there being, 
in a heavy smoker, a condition of chronic CO poisoning. 


Fluid for determining specific gravity in blood. By H. HaRTR DR. 


The fluid hitherto used in this laboratory has been a mixture of water 
and glycerine of about 1080 specific! gravity. 50 c.c. of this has been 
diluted with measured quantities of water from a burette until the drop 
of blood neither rose nor sank when placed in it. A substitute for the 
glycerine was found to be Lyle’s Golden Syrup, a stock solution being 
made up with water to 1080 specific gravity. A few c.c.s of formalin were 
added to act as a preservative. 


Method of making colour-filters. By H. Harrrince. 


The principal advantages of this method of making colour-filters 
is that, as a rule, any required screen can be made ready for use in a few 


The following materials are required: 

1. Stained sheets of either gelatine or collodion are purchased ready 
for use or are made by drying and stripping from glass in the usual way. 
These are cut into 2 inch squares and are stored and indexed according 
to the position of their absorption bands. 

2. Sheets of patent plate glass 4“ thick are selected for flatness, 
by viewing the reflected images of straight distant objects (e.g. window 
bars) and are then cut into pieces 2 ins. square and their sharp edges 
roughly ground off. (2 per filter.) 

3. Dammar-xylefe solution (Griffin) or Canada balsam in xylol. 

4. Nickel-plated trouser clips. (2 per filter.) 

5. Cardboard boxes 2}” x 2” x }” inside dimensions, in the lids and 
bottoms of which are cut 1” x 11“ apertures. (1 per filter.) 

6. Elastic bands. (2 per filter.) 

The filters are made as follows: suitable coloured films having been 
selected (two or more may be used together) by means of the spectro- 


1 Lloyd Jones. Journ. Physiol. 8 p. I. 1887. 
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the first gelatine film lowered into it. A second drop of Dammar is now 
placed on this film and on it is lowered the second film, and so on for 
each film. Lastly, the second glass is lowered in and gentle pressure 
applied by the finger and thumb of the left hand. With the right the 


Ke A 


— 8. 
+ 


trouser clips are sprung into the positions shown in the drawing at 4. 
The filter is now placed in its box, and the lid secured by the elastic 
bands, and it is now ready for use. The definition obtained through these 
filters is quite adequate for all ordinary purposes, but does not of course, 
equal that which could be obtained by the use of optically flat plates. 

This method of mounting filters has two further — beside 
that of speed named: 

1, That since the different stained filters are separated Sadan of 
Dammar, dyes can be used side by side that in the same film would 
react chemically on one another. For this reason better combinations 
can sometimes be used than the more usual technique provides. 

2. That the stained films being separate from the glass, their 
expansion or contraction does not put the strains in the glass that are 
sometimes a troublesome feature of the ordinary method. 


‘kata’ with wet bulb. By Lzonarp HII. 


The kata-thermometer is a large bulbed spirit thermometer of 
standard size graduated from 100-95° F., and with a factor determined 
for giving its cooling power at body temperature in milli-calories per 
sq. om. per sec. A wire of suitable resistance i has been introduced inside 
the bulb of a ‘kata’ so that it can be heated by the current from an 
accumulator. This allows dry ‘kata’ readings to be taken more con- 


* T am indebted to Miss D. Hargood Ash for determining this. 
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veniently in rooms, offices and factories, and the cooling power of 6-7, 
suitable for sedentary or light work, obtained. 

It was pointed out by C. W. B. Normand? that the wet ‘kata’ 
formula determined in wind tunnels does not accord with the theory 
of a wet bulb of similar size, and it was suggested that this was due to 
the knitted glove of the wet ‘kata’ not remaining wet all over during 
the measurement of the rate of cooling. By means of electrical heating, 
I have taken three or four successive ‘kata’ readings after a single 
wetting of the glove, and as these readings are concordant, the above 
suggestion is disproved. The cooling times were however some 20 per 
cent. shorter than when the ‘kata’ was heated in water at about 80° C. 
in the usual way. This is because the glove is cooled by evaporation, 
during heating of the ‘kata,’ in the one case and heated by the water 
in the other case. . 

Wet ‘kata’ readings must then be taken after heating the bulb in 
water at 80° C. and shaking off excess, the scale of comfortable cooling 
powers having been fixed empirically by observation in comfortable con- 
ditions. The wet kata-thermometer must not be regarded as a wet bulb. 

Experience in Mesopotamia showed that the kata-thermometer 
indicates conditions dangerous in regard to the production of heat 
stroke. The dry ‘kata’ showed why those with exhausted sweat me- 
chanism and dry skin ask for fans to be stopped, when the air temperature 
is above body temperature. The wet ‘kata’ showed the efficacy of the 
wet sheet and fan treatment which prevented those with exhausted 
sweat mechanism becoming cases of heat-stroke. (G. K. Hearne). 


. Indicators of radiant energy absorbed by skin and clothes. 


By Leonarp HN. 


A piece of black fur stroked to and fro with a sensitive cylindrical 
bulbed thermometer makes a simple but effective indicator of radiant 
energy. It gives readings which on calm or light-breezy sunny days 
are as high as those of the black bulb thermometer in vacuo. It truly 
indicates the effect of radiant energy on dark fur or fluffy garments. 
Black fur for example, exposed to the July sun, gave a temperature of 
56° C. against 22°C. in the air. Compared with a piece of blackened 
metal foil the black fur cooled very slowly when shaded and was affected 
very little by wind. Sky-shine, when the sun is clouded, makes black 
fur 2-3° C. warmer than the air temperature. Out of doors, on rainy 


1 Roy. Meteorol. Soc. Nov. 19, 1919. 
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or misty days, and indoors where there is no source of radiant energy, 
the temperature of black fur and air are the same. 

The black patches of a black and white pigling held in the October 
sun, are some 2° C. warmer than the white patches. The palm of the 
hand covered with lamp black is warmer than the other palm on ex- 
posure to the sun, and feels uncomfortably dry ‘and burning. The 
bull-dog’s black lip or nose are dry and several degrees warmer in the 
July sun than the white skin of a man. In the shade the black lip or 
nose of the bull-dog are moist and much cooler than the white skin. 
This is because they are moist and cooled by evaporation, not because 
black radiates more than white in the shade as C. E. Woodruff errone- 
ously teaches. At body temperature there is no difference between the 
radiation of black and white surfaces (Leslie). 

If white and black tapes are suspended so that the end of each dips 
in a graduated tube containing water, the evaporation from each in 
the shade is equal; in the sun the black evaporates considerably more 
because it absorbs more radiant energy. It is probable that the pigment 
of dark races by absorbing radiant energy and heating the epidermis 
excites nerve endings and reflexly activates vaso-dilatation and the 


sweat glands (probably by axon reflex). The wet surface then protects 


the body from being further heated by the sun. Exhaustion of the 
sweat mechanism always preceded heat-stroke in Mesopotamia (G. K. 
Hearne). 

The black pigment by protecting the blood and tissues from excessive 
radiation allows the skin to be thinner and the blood vessels to be more 
superficial so that shaded parts cool more easily by radiation and 
convection}. 


The heat produced by extending or releasing a muscle. By 
A. V. Hit and W. Harrrer. 


When a weight is hung gently on a muscle heat is produced: when the 
same weight is gently removed heat is first absorbed and then rapidly 
produced. By placing the muscle on a sensitive thermopile, a photo- 
graphic record can be made of the consequent changes of temperature: 
typical records are shown in the figure. 

The explanation of these phenomena is complex: in the first place 
(1) there is a reversible thermodynamic effect causing a production of 

* Further consideration of these matters will be found in “Science of Ventilation and 
Open-Air Treatment,“ Vol. II. Spec. Rep, Med. Res, Comm. 1920. ‘ 
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a tension W, grams wt. is subjected to a greater tension W, grams wt. 


the temperature falls by a quantity ; 
| 2 (Mass) (Specific heat) 4-24 x 104 q 
| where I is the temperature in degrees absolute, 8 T is the fall of tempera- q 

ture, @ is the coefficient of thermal expansion, Ii and I, are the initial 4 


and final lengths, and 4-24 x 10* is the mechanical equivalent of heat. 


1 hence from the above formula there is a rise of temperature on extending 
and a fall of temperature on releasing a muscle. 


4 ginning of the left hand curve 155 grams was hung gently on the muscle: the temperature 
rose. At the beginning of the right hand curve, after the 155 grams had been hanging on 


j energy, and if it be allowed to shorten infinitely slowly, working at each 


) wasted in overcoming viscous forces, while if it be stretched at a finite 
rate work will be wasted and heat produced. 


; the changes of temperature shown by the records. 


— 
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beat on extension and an absorption of heat on release: in the second 
place (2) there is an irreversible effect occurring under the influence of 
viscous processes in the muscle, and leading to a production of heat, both 
on extension and release. Effects (1) and (2) are additive. 

With regard to (1) it can be shown that when an elastic body under 


Conversely when the tension is reduced from W, to W, the temperature 
rises by the same quantity. Now in the case of a muscle the coefficient 
of thermal expansion a is negative, i.e. the muscle shortens when warmed: 


— 


— 


Pair of sartorius muscles from Rana temporaria. Permanent load 5 grams. At the be- 


the muscle for some time, it was gently removed: the temperature fell rapidly (the reversible 
thermodynamic effect) and then rose (the irreversible loss of potential energy under viscous 
forces). Time in secs. shown on the curves. 


With regard to (2) when a muscle is stretched it possesses potential 


length on a load exactly equal to the maximum tension it can exert at 
that length, it will deliver up external work equal to that potential 
energy. If however it be allowed to shorten rapidly, owing to viscous 
processes and to the temporary set it has taken up, it will give up 
less work and a proportion of its potential energy will be lost as heat. 
Conversely, if a muscle be stretched infinitely slowly no work will be 


These two. effects (I) and (2) appear to be a complete explanation of 
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The importance of the phenomena described lies mainly in their 
relation to experiments on the heat-production and the mechanics of 
muscular contraction. For example, when a load is hung upon a muscle 
which is then excited to contract the work done and the beat produced 
are both accounted for in part by the potential energy possessed initially 
by the muscle in respect of its stretched condition. Or again, if the 
coefficient of thermal expansion of a muscle be rather exceptionally large, 
and if all the work it is capable of doing be obtained from it by appropriate 
means (e.g. by means of the inertia system described in a separate 
communication) it may conceivably be found that an absorption of heat 
occurs suddenly on stimulation. Without a knowledge of the phenomena 
attending the extension or release of an inactive muscle such an absorp- 
tion would be hailed as an observation of great physiological importance. 
The effects described therefore, though not in themselves of first-rate 
physiological interest, are worthy of note in that, if unheeded or not 
allowed for, they may mask or interfere with or distort phenomena 
on which our theories of muscular behaviour are largely based. 


An instrument for recording the maximum work in a muscular 
contraction. By A. V. Hit. 

The ordinary isotonic contraction is inefficient: at its beginning the 
muscle could lift a heavier weight, and at its end the muscle could 
contract further under a lighter weight. It is desirable therefore to give 
the muscle some agency to work against, which it can pull as hard as it 
is able when its capacity for exerting a pull is high, 4.c. at the beginning 
of its contraction, and against which it can continue to shorten when its 
capacity for exerting a pull is low, i. e. at the end of its contraction. Such 
an agency is provided by the inertia of a mass. 

Suppose we allow a muscle to be connected by an inextensible thread 
to a balanced mass M. At the beginning of its contraction it exerts a 
strong pull and rapidly increases the kinetic energy of the mass: as it 
shortens its pull falls off, but the mass once started continues to move 
and allows the pull of the muscle to continue to do work in accelerating 
it. Obviously, in the case of a twitch, if we make M too large the muscle 


will not have time to shorten completely, and so to give up all its potential 


energy, by the moment relaxation sets in, while if we make M too small 
the muscle will shorten too rapidly, before its maximum tension has been 
developed, and viscous processes will come in owing to the too rapid 
contraction, and will waste a large part of the potential energy. Clearly 
therefore we must adjust the value of M so that the muscle just has time 
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to shorten by the moment when relaxation sets in. As a matter of fact 


tit is found experimentally that M may be varied within fairly wide limits 


without appreciably diminishing the amount of work done. The maxi- 
mum work of the muscle twitch is then obtained as kinetic energy in the 
mass M, and may be measured by appropriate means. 

The method of realising this idea in practice is as follows (see 


figure). A long steel rod of mass mi and length 2c is balanced on knife 


edges and carries two masses m, at distances b on opposite sides of the 
axis. The rod with its weights is set by fine adjustments to be horizontal 


and only just stable, so that a few milligrams on either side will turn it 
over. The muscle pulls on the rod by means of a silk thread attached at 
a distance a from the axis. The moment of inertia (MK*) of the system 
about the axis is given by : 

MK = m,c*/3 + 2m,b? 


and it can be shown that the motion is similar to that of a balanced mass 
M pulled directly by the muscle. The “equivalent mass MK*/a* 
don be varied to suit different muscles, or the same muscle under different 


conditions, by varying b the distances of the weights from the axis, or a 


1 the distance of attachment of the musole. 
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The kinetic energy developed can be measured in either of two ways: 
(a) by allowing the rod, after the muscle has finished pulling it, to extend 
a spring, and measuring the extension: or (6) by placing a small “rider” 
on the rod, allowing the kinetic energy of the rod to lift the rider, and 
measuring the lift. Of these two the use of the rider has proved simpler. 
The rider is placed on the rod after the latter has been accurately 
balanced, and it exerts a small initial tension on the muscle. This in 
itself is an advantage, as it ensures that the muscle is properly extended, 
and unless it be too large it does not prevent the muscle from shortening 
fully. The work done passively, by virtue of the initial stretched con- 
dition of the muscle, can be allowed for. 


In the instrument shown (which wes for» pir — 
the following values of the constants were used: 


tos em.. 528 to 20 cm. | 
Weight of rider 0-7 to 13-0 gr. 


The mechanics of muscular contraction. By A. V. Hi. 


When a muscle is stimulated it passes temporarily into a new elastic 
condition and develops new potential energy. If the muscle be not 
allowed to shorten this potential energy is degraded’ into heat during 
relaxation: if it be allowed to shorten, the potential energy in genera! 
appears partly as external work and partly as heat: the conditions of 
loading determine the relation between these two, and are mainly 
responsible for deciding the “efficiency” of the contraction. Moreover, 
the potential energy possessed by the muscle by virtue of its initial 
stretched condition may be a comparatively large fraction of the whole. 
It is desirable therefore in all investigations of the activity of muscles 
to employ some means, such as the inertia lever described in another 
communication, of allowing the muscle to yield up the largest possible 
fraction of its potential energy as external work. 

In a recent experiment employing the inertia method of obtaining 
maximum work from an excited muscle the following results were 
obtained: 


Pair of sartorii from Rana temporaria, weight 0-21 gr., length '3-5 m., in oxygenated 
A. Temperature 0° C. 
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B. Temperature 11° C. (next day). 

» Same stimulus. Max. work in one twitch 18 gr. om. 
Stimulus 0-2 sec, Max. work in one twitch 25 gr. om. 
Stimulus 0-3 sec. Max. work in one twitch 31} gr. cm. 


O. Temperature 21° C. (two hours after B). 
Stimulus 0-1 sec. Max. work in one twitch 26 gr. cm. 


It will be seen that the work actually done by the muscles in this 
experiment increased as the temperature or the duration of the stimulus 
increased, and was relatively very large. That a pair of sartorius muscles 
weighing only 0-21 grm., after being experimented on at intervals for 
nearly 24 hours, should be capable of yielding 26 gr. cm., or over 120,000 
ergs per gr. of muscle, in a twitch evoked by 0-1 sec. stimulus, seems 
astonishing. It would be of interest to repeat such observations on a 
number of other muscles, and under a variety of conditions, to determine 
the factors influencing the maximum work of muscles. Experiments 
have of course been made since the dawn of physiology by means of 
isotonic levers and similar devices, but the work obtained by most of such 
instruments appears to depend at least as much on the properties of the 
particular device employed as on the characteristics of the muscle, The 
results therefore are not as valuable as would be those of an investigation 
of the maximum work obtainable from various muscles under various 
conditions. 

The matter is not merely of academic interest: a correct appreciation 
of the mechanical factors involved in efficient muscular activity may 
not only lead to a sounder theory of muscular contraction, but may 
throw light on such obviously practical questions as those of heart 
failure, industrial fatigue, or anthropometric comparisons of athletes 
with normal individuals. The object of this communication is merely 
to hint at these things, and to point out (a) that the mazimum work is 
the only work which is of interest as a criterion of the activity of a 
muscle, and (b) that the maximum work can be measured by appro- 
priate and simple means. 


It may be of interest to calculate that the 120,000 ergs per gr. of muscle produced in the 
above experiments corresponds to about 0-003 cal. per gr. of muscle: in other words if, 
instead of being liberated as external work, the potential energy had been wasted as heat 
during the relaxation of the muscle, it would have led to a rise of temperature of 0-003° C., 
an amount comparable with the total rise of temperature in an ordinary muscular con- 
traction, It is hoped shortly to make simultaneous observations of the maximum work 
and of the heat produced by muscles. 
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Method for the demonstration of Golg!’s internal apparatus. 
By C. Da Fano. 


(1) Small pieces of quite fresh tissue are fixed in: eee 
1 gram; distilled water, 100 ¢.c.; formalin, 15 c.c. The solution can be 
prepared beforehand and keeps ‘tuuialiered for months, Formalin need 
not be neutralised unless strongly acid. Should this be the case it is 
advisable to shake it with some calcium carbonate and filter it before 
using. The pieces, about 3 mm. thick, are generally left 6-8 hours in 
the fixing solution at room temperature. This time is to be shortened 
to 34 hours in the case of very small pieces, such as spinal ganglia of 
mice and rats, adrenals of mice, the pituitary body of the same animals, 
embryonic organs, etc. Hollow organs are better fixed if filled up with 
the fixing fluid and kept in it in toto for about one hour, after which time 
they are reduced to due proportions and treated according to their thick- 
ness. Pieces of spinal cord, cerebrum, cerebellum of adult animals give 
better results if fixed for about 8-10 hours. The time of fixation may be 
prolonged in special cases to 12-20 hours, but should not exceed in any 
case the 24 hours. 

(2) The pieces are quickly washed in distilled water, reduced in 
size if necessary, and then placed into a 1-5 per cent. solution of AgNO,. 
For very small fragments 1 per cent. AgNO, can be used. For pieces of 
spinal cord of adult animals and organs containing much fat the strength 
of the AgNO, solution may be raised to 2 per cent. The pieces remain in 
the silver bath 24-48 hours, according to their size. A longer stay, 
though often without danger, should, if possible, be avoided as pre- 
cipitates may form. As a rule the pieces, once in the AgNO, solution, 
are to be kept away from the light and at room temperature. In winter 
and if the temperature of the laboratory falls very much during the 
night, one may have recourse to an incubator at 25-28 C. The use of an 
incubator at 36-37 C. may be attempted with success for pieces of 
difficult impregnation. In these cases, however, it is necessary to make 
first tentative experiments at different temperatures in order to establish 
also the most suitable length of time during which the pieces may be 
safely left in the incubator. 

(3) The pieces are quickly washed twice in distilled water and 
further recut so that their thickness does not exceed 2 mm. They are 
then transferred in the following reducing fluid to be freshly prepared 
every time. Hydroquinone 1-5-2 grams; distilled water 100 c. c.; for- 
malin, 5 0. o.; sodium sulphite, 0-15-0-25 grams. Pieces are generally left 


4 fi 
te 
2 
4 
| 
6 
| 
| 
q 
4 
| 
7 
‘A 
) 
„ 
“a 
t 
* 
= 
in 
«4 
| 
* 
“J 
wag 
4 
* 4 


? 


SOCIETY, JANUARY 31, 1920. xoĩii 


in it till the following day. A longer stay, though harmless, is without 
purpose, as after 12 hours the silver is completely reduced. Weaker 
solutions of hydroquinone are to be used only in special cases. The 
practice of leaving the pieces in the reducing fluid a few hours only may 
lead to the danger of an incomplete reduction of the silver and to a 
consequent insufficient staining of the apparatus. I have not sufficient 


experience about other reducing fluids such as solutions of pyrogallic 
acid. 


The method is ended at this point and the pieces may be cut, after a quick washing in 
distilled water, by means of a freezing microtome. It is however preferable to pass them 
rapidly through alcohols of increasing strength, clear them by means of fluid cedar wood oil 
and embed them in paraffin melting at 48°C. They may be also embedded in celloidin, 
but rapidly because absolute alcohol and ether have a tendency to dissolve the unstable 
reduced silver. Besides, celloidin blocks must be cut as soon as possible, while paraffin 
blocks keep indefinitely and may be cut in series when most convenient. The sections can 
be mounted in balsam in the usual way and show the apparatus stained black or brown on 
® more or less intense yellow or buff background. These preparations keep well only for 
a short time because the xylol of the balsam, little by little, dissolves the reduced silver. 
Besides in most cases a counterstaining is most desirable. For these reasons it is preferable 
to transfer the sections (either single or stuck to slides by the albumin method) through 
xylol and alcohols of decreasing strength, into distilled water. They are then ready to be 
toned by means of a 0-1-0-2 per cent. solution of gold chloride acidified with one drop of 
acetic acid to every 10 c.c. of distilled water. The toned sections are washed in distilled 
water, placed for one or two minutes in 5 per cent. sodium hyposulphite and thoroughly 
washed over again in distilled water. After that the sections can be either dehydrated 
and mounted or counterstained as one may think desirable. I prefer, for routine work, a 
counterstaining with alum-carmine because it allows the handling of many sections or 
slides at the same time, does not usually require a successive differentiation, and imparts 
to both nuclei and cytoplasms a deep-pink staining, contrasting well with the black or 
dark-grey colour of the apparatus. Besides, sections stained with alum-carmine require 
only washing in distilled water, dehydration in alcohol of ascending strength up to 95 per 
cent. and mounting in balsam after having been cleared in carbol-xylol. In this way one 
economizes absolute alcohol and a finer differentiation of the section can be easily obtained 
by adding 1-2 drops of a saturated alcoholic solution of picric acid to the pot containing 
the 95 per cent. alcohol; in this case, however, a further washing in pure 95 per cent. 
alcohol is advisable. 


The present method is only a modification of the uranium nitrate 
one proposed by Cajal in 1912. As far as my experience goes it gives 
more constant and complete results, and is of easier application than 
both Cajal’s and Golgi’s (arsenious acid) methods. I have applied it with 
success to various nervous and non-nervous organs of mammals and birds. 
A few attempts made in reptilia and fishes allow me to state that very 
likely the method may receive a very extensive application. In certain 
conditions which I have not yet been able to establish with sufficient 
precision it stains, besides the internal apparatus, intracellular forma- 
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tions, which according to their morphology and arrangement are to be 
considered as mitochondria. 

The present investigations form part of a plan of research towards 
some of the expenses of which a grant has been given by the Royal 


On the so-called toning of sections stained by my modifications 
of the Bielschowsky method and by other reduced silver 
methods. By C. Da Fano. 


The present note has chiefly the purpose of removing the difficulty 
which some investigators appear to have met with in rightly toning 
sections stained by my modifications of the Bielschowsky method. 
(Jour. Physiol. 1919, 52, p. 57 and §8, p. 13). I must here acknowledge 
that too weak a solution of gold chloride has been by mistake indicated 
by me in the first of the above-mentioned papers. Indeed the right 
strength of the solution to be employed for ordinary work is 0-1-0-2 per 
cent., and not 0-02 per cent. as erroneously prin Usually, however, 
there is no need to have recourse to an exact dil n the contrary, 
it is more convenient to have some of a 1 per cent. solution of gold 
chloride ready in a drop-bottle by means of which it is added to a dish 
containing 30-50 C. c. of distilled water. One generally adds as many 
drops of the 1 per cent. solution as will give to the water a bright yellow 
colour, resembling that of a saturated solution of picric acid. A greater 
or smaller number of drops are added according to the number and 
thickness of sections one has to tone. Of course the more 1 per cent. 
gold chloride is added to the distilled water the quicker the so-called 
toning will proceed, viz. the substitution in the sections of the unstable 
reduced silver by stable metallic gold. This addition, however, must be 
within certain limits because too strong solutions have a dissolving effect 
n the reduced silver. This is why it is preferable to work with a weak 
gold bath and to be careful that its strength will not ultimately much 
exceed the 0-2 per cent. 

To the gold bath thus prepared a drop of acetic acid to every 10 c. o. 
of distilled water is generally added. This was suggested originally by 
Bielschowsky in order to obtain a very faint purple background con- 
trasting well with the black or grey-black of the neurofibrils. Besides 
it appears to favour and quicken a little the final substitution of the silver 
by gold. This modification, however, is not necessary and one can work 
equally -well without it or with neutralized solutions of gold chloride, 
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particularly when a pale-grey or whitish background seems more 
desirable. 

Once the acid or neutral gold-bath is ready, it is a good practice to 
filter it before using it, filtering at the same time the necessary quantity 
of 5 per cent. sodium hyposulphite and preparing three other larger 
dishes of distilled water. The toning and fixing of the sections can then 
begin. The modus operandi is briefly: 

(1) Transfer sections, one by one, from the last formalin bath into 
the first large dish of distilled water and wash them thoroughly, changing 
the water once, if necessary. 

(2) Place some of the sections in the gold bath and keep them there, 
turning or moving them, from time to time, till the peculiar yellowish 
brown colour of the untoned sections has disappeared. To make sure 
one can control the progress of the reaction by floating a section, from 
time to time, on a slide and looking at it under the low-power of the 
microscope. Very soon, however, one easily acquires sufficient experience 
to judge with the naked eye, particularly if the dish containing the gold 
bath is of glass and kept on a piece of white filter paper. 

(3) As soon as the yellowish-brown colour of the sections has dis- 
appeared, they are quickly washed in the second large dish of distilled 
water and placed in the 5 per cent. hyposulphite of soda for 1-2 minutes. 
Here very likely a double reaction occurs, because that part of the gold 
which has taken the place of the reduced silver is fixed, whereas the 
excess of unstable silver, still present in the sections, becomes dissolved. 
One recognises that by the peculiar transparency which the sections take 
a few seconds after having been placed in the hyposulphite. 

(4) The fixed sections are transferred into the es large dish of 
distilled water and left there. 

One can now proceed to tone a second batch of sections. If the gold 
bath has kept its original colour, it can be used as it is. If it is of a slightly 
dirty-green shade, or a reddish-brown film has formed on its surface, 
it is necessary to use a freshly prepared one. The whole process is then 
repeated until all thé sections have been toned and fixed. After a little 
experience one finds that it takes less than one hour to tone 12-14 and 
even more sections. 

It is worth pointing out here that no proper toning is possible by 
artificial light, even if one has recourse to microscopic control, and that 
consequently one must plan one’s work in such a way as to be able to 
stain, tone and fix Bielschowsky preparations by daylight. 

The toned and washed sections can be mounted as they are or 
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counterstained in any way one wishes and then dehydrated, cleared and 
mounted according to the chosen counterstain. 

In properly toned Bielschowsky preparations the neurofibrils are 
black or grey-black with a slightly purple tone on a faintly purple or 
pale-grey, quite transparent, background; undertoned sections show 
patches of yellow and brown; overtoned preparations look thick, purple- 
black and not quite transparent, with very often a confused picture of 
their different parts. 

The above method is surer, quicker and more economical than others 
in use for about the same purposes. It can be easily taught to an 
attendant and used for routine work. It is useful not only for toning 
Bielschowsky preparations but also for Cajal’s so-called photographic 
method and its modifications, for Golgi’s arsenious acid and Cajal’s 
uranium nitrate methods, as well as for the cobalt nitrate modification 
which I have just proposed for the staining of Golgi’s internal apparatus. 
It applies in the same way to frozen or celloidin sections as well as to 
paraffin ones stuck to slides by means of the albumin method. 


The present investigations form part of a plan or research towards 
some of the expenses of which a grant has been given by the Royal 
Society. 


Urochrome. By J. Metuansy and C. J. THomas, 

Preparation. The pigment of urine is readily adsorbed by animal 
charcoal. Advantage has been taken of this property to prepare 
urochrome in a simple manner. The charcoal used should give no colour 
when extracted with water, alcohol, or alkaline alcohol, and should be 
in a finely divided condition. Twenty grams of a good variety of charcoal 
decolorise one litre of urine when shaken with it for one minute. Thirty 
grams of charcoal per litre should ensure total decolorisation. Urine is 
decolorised with charcoal. The pigment laden charcoal is washed with 
warm water. This washing removes any urea, uric acid, creatinin, etc., 
which is loosely adsorbed by the charcoal. Practically no pigment is 
lost since the adsorption of it by charcoal is very intimate. The charcoal 
is dried, finely powdered, and extracted on a water bath with 50 p.c. 
alcohol containing 5 p.c. NaOH. Usually 30 grams of charcoal are 
successively extracted with 200 C. C. of alkaline alcohol until no more 
pigment is taken out. The extracts are mixed, neutralised with sulphuric 
acid and the alcohol distilled off. The watery solution is concentrated 
to a small bulk on a water bath and on cooling the greater part of the 
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sodium sulphate crystallises out. Advantage is now taken of the fact 
that urochrome is extremely soluble in water. The liquor, after removal 
of the sodium sulphate, is evaporated to dryness and the pigment is 
extracted from the residue by a minimal quantity of water. From this 
solution it may be precipitated by the addition of absolute alcohol. The 
pigment is washed with ether and dried in vacuo. Further purification 
may be effected by redissolving in water and reprecipitation by alcohol. 

Properties. Urochrome is a brown amorphous powder which is very 
soluble in water. It is insoluble in ether, ethyl alcohol, amyl alcohol, 
benzol, chloroform or acetone; and in respect of solubility shows a 
marked contrast to the pigment of plasma (lipochrome) which is readily 
soluble in ether, alcohol, etc., but is insoluble in water. It shows no 


characteristic absorption bands nor any of the properties which are used 


for the identification of bile pigments and their derivatives. The aqueous 
solution slowly dialyses through a parchment membrane. 

Rate of excretion. The hourly excretion of urochrome corresponds 
roughly with the hourly excretion of creatinin except during periods of 
diuresis when the amount of pigment excreted shows a well-marked rise. 
No definite evidence has yet been obtained of its metabolic significance. 


The functional connection between the suprarenal cortex and 
other glands of internal secretion, in white rats. (Prelimi- 
nary communication.) By Evetyn E. Hewer. 


In order to investigate the functional connection between the supra- 
renal cortex and other organs—in particular the reproductive organs— 
experiments are being carried out in white rats by feeding and inocula- 
tion. 

(a) Feeding. A dried preparation of suprarenal cortex of cattle was 
fed to white rats, given powdered in milk. There was alteration in the 
rate of growth: if the feeding was begun young (3 weeks) or rather later 
(54 weeks) there was definite increase in rate of growth: if the feeding 
was begun at about 4 weeks the rate of growth was diminished. This 
applied to both male and female rats. 

The histological examination of the glands from these animals is not 
yet complete. 

(b) Inoculation. Various preparations are being used: one contains 
the lipoids of the cortex only, another contains the non-lipoid constit- 
uents of the cortex together with a small quantity of adrenalin. A third 
extract is being prepared which it is hoped will contain all the non-lipoid 
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cortical constituents and no adrenalin. Up to the present the following 
results have been obtained. 

(i) General. The animals appear quite healthy, and (when the lipoid 
extract is used) become extremely fat. In a very few cases, where the 
inoculations were pushed, the animals seemed rather “off colour.” 

(ii) Hair. In nearly every case the hair began to come out, although 
the coat looked very fine and glossy. In a few of the young animals the 
hair came out so much that the coat looked quite ragged. There was 
no suppuration at the site of inoculation. Microscopically the hairs and 
their sheaths show degenerative changes. 

(iii) Thymus. Macroscopically no constant variation has yet been 
found. Microscopically the gland appears unusually vascular as a rule, 


with some indication of the appearance of Hassall’s corpuscles ( — 


usually present in rats). 

(iv) Pancreas. There is indication of hypertrophy of the islets of 
Langerhans, as shown by the increase in size of the islets, and active 
mitosis of the cells. [This is not necessarily due to the inoculations, the 
islets showing great variations under physiological conditions.] 

(v) Spleen and liver. Apparently normal. 

(vi) Testes. Various stages of degeneration have been obtained, 
similar to those obtained (and previously described) under the action 
of X-rays. The degree of degeneration appears to depend on the dose 
given. Free spermatocytes and spermatids and (7) lipoid are present in 
the epididymis tubules. The interstitial cells show changes also, but 
the type of change is not yet quite clear. 

(vii) Swprarenal. “The medulla appears to be normal. The cortex, 
particularly the zona reticularis, is unusually vascular. The cells of the 
zona glomerulosa and zona fasciculata appear to be definitely vacuo- 
lated: this may be due to an abnormal amount of lipoid which has been 
dissolved out in preparation. (This point is being further investigated.) 
Spaces, filled with debris and blood and (?) lipoid are often present in 
the outer layer between the cells. 

(viii) Thyroid. Inconstant variations in size have been obtained. 
The colloid appears to contain (?) lipoid globules. 

The material from the female rats has not yet been examined 
microscopically. 

by a grant from 
the — Society. } 
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Energy expenditure in minor duties. By E. P. Carnoart and 
F. J. TRarrorp. 


In the course of an investigation into the energy expenditure of the 
infantry recruit in training it was found when the assessment of the 
energy output for the performance of certain minor duties had to be 
made that no data were available. As this difficulty may be again 
encountered by subsequent workers the following figures are recorded. 
Observations were made about four hours after the last meal (breakfast) 
and in every instance movements similar to those under investigation 
were carried out for at least two minutes before the actual experiment 
started. 

Subject C. G. D., aet. 28, ht 165-5 cm., wt 57-7 kilo. Intelligent but 
of poor physical development. Basal metabolism was low, about 32 cals. 


per sq. m. per hour. 


Total 0, Cals. 
time per Cals. p. sq. 
in mn per m. p. 
Work mins in .o min. min. Remarks 
I. Brushing boots 14 mins Boots. 2 brushes used. 
Brushing } 4 536 263 161 remove dirt. 
Polishing buttons 2 mins o polish. 
Ditto 4 430 216 133 
Ditto, but only 4 min. for 4 435 221 1-36 
Average value 467 233 143 
I. W. hands, face and 2 587 283 1-74 2 mins was found, as the 
neck. hair result of many observa- 
Ditto 1 444 215 1 tions, to be a good 
Ditto 486 2-46 1-51 average value. 
Average value 506 248 152 | 
III. Window 5 627 307 1:88 
— 5 579 2˙82 173 
Ditto 5 605 2˙98 #8 1-83 
Average value 604 296 
IV. Soru floor 5 756 362 2-22 Scrubbing with brush fol 
5 661 325 $199 loved by floor-cloth 
Ditto 5 701 346 $212 Work properly per 
Average value 706 344° 241 formed. 


Guanidin and Adrenalin. By Davin Burns and ALEXANDER 
Watson. (Preliminary Communication.) 


Hoskins and Wheelon (Amer. Jour. Physiol.) report that after 
parathyroidectomy increased sympathetic irritability is manifested by 
the increased reaction to adrenalin, nicotine and pituitrin. In the course 
of an investigation on the action of guanidin on the neuro-muscular 
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mechanism of the mammal, we had recourse to the adrenalin blood- 
pressure reaction as a measure of sympathetic irritability. * 
(1) Niood- Pressure. 

The injection of 1 C. c. of 1:7 p.c. guanidin hydrochloride into the 
jugular vein of a cat produced no noticeable effect on the carotid blood- 
pressure. Three minutes later the injection into the jugular of 1 0. c. of 
1/100 adrenalin caused a slightly supernormal rise of blood-pressure which 
was sustained for at least double the normal time. 

(2) Skeletal Muscle (frog). 

(a) A sciatic-gastrocnemius preparation was immersed for two 
minutes in a bath of Camis-Ringer solution and a determination made 
of the minimal break shock necessary to produce contraction of the 
muscle, when applied to the sciatic. A trace was taken. (5) The Ringer 
was run out and the bath filled with}1/100,000 adrenalin in Camis-Ringer 
and allowed to stand for two minutes. The sciatic was then stimulated 
with the minimal break shock and a trace taken. (c) The adrenalin 
was washed out with Ringer and the bath filled with a 0-02 p.c. solution 
of guanidin hydrochloride in Camis-Ringer. The nerve was stimulated 
as before and a trace taken. (d) The guanidin was run out and the 
bath was filled with 1/100,000 adrenalin in Camis-Ringer, and allowed to 
stand for two minutes; on stimulation of the sciatic nerve with a single 
break shock as above a contraction was produced which was super- 
normal in three respects (i) in extent, (ii) in duration, and (iii) in rapidity 
of onset. The latent period was so markedly decreased that the initiation 
of contraction appeared to be simultaneous with the incidence of the 
stimulus. Investigation showed that the nerve muscle preparation had 
become so excitable that it responded to a make shock. 


(3) Uterus. 
An increase in the extent and duration of contraction of the uterus 

of the guinea-pig under adrenalin when previously treated with 0-02 p.c. 

guanidin hydrochloride may be demonstrated. 

Hydrogen-ion measurements on blood in the neighbourhood of 
the isoelectric point of hemoglobin. By T. R. and WintrrEp 
Parsons, (Preliminary Communication.) 

We have recently been led to elaborate the view that, under physio- 
logical conditions, hesmoglobin is an acid of sufficient strength to expel 

CO, from sodium bicarbonate at low tensions of the gas. But hemoglobin 
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is well known to be an amphoteric substance, so that it becomes of interest 
to observe the change in its acid properties as the reaction of the medium 
in which it occurs approaches its isoelectric point (vn = 6-74), particu- 
larly as Straub and Meier have lately shown that in acidified 
oxygenated whole blood and acidified oxygenated hemolysed blood at 
a certain py not far removed from the neutral point (py = 6-75 at 
37° C.) there is a sudden increase in CO, combining power—an extra 
molecule of CO, being taken up for each molecule of hemoglobin 9 
present in the liquid. They regard this as being due to a direct combina- 1 
tion of hemoglobin with CO, 1 

We have shown that a similar sudden increase in CO, combining power : 
occurs in completely reduced hemolysed blood, but at a slightly different ia 
value of pn from that found for the oxygenated material by Straub i” 
and Meier. We used 10 c. c. of oxalated human blood which was acidified 7. 
with -02 c.c. of pure lactic acid (sp. gr. 1-2) and hemolysed by the . 


addition of saponin. Successive portions of this material were saturated 
at 37° C. with appropriate mixtures of hydrogen and CO, and then the 
CO, content of the fluid was determined in each case in Barcroft’s 
differential apparatus. The results are shown in Fig. 1 (curve R) and 
compared with those of Straub and Meier for similar material in an 
oxygenated condition (curve O). 

In order to determine whether the reaction does remain constant 
while the extra molecule of CO, is being taken up (as the straight part 
of the dissociation curve would suggest) we have made some hydrogen- 


1 Biochem. Zeitschr. 89. p. 156 (1918): 90. p. 305 (1918). 
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ion measurements on this material at various CO, tensions. The experi- 
ments have been particularly difficult as it has been found necessary to 
use a freshly platinised electrode for each reading, but we have succeeded 
in showing that over a certain range of CO, tension, depending on the 
exact amount of lactic acid present, the py of the hwmolysed blood 
remains constant (Fig. 2). Now, since Hasselbalch has shown that 


HAEMOLYSED BLOODHLACTC CURVE 1 | 
785 
438 7-02 
7.4 Pu 441 697 
CORVE 2 * 
158 683 
42:3 696 
468 695 
69] 536 692 
SB°6 
62:3 Feo, mm . — 
20 30 4 SO 60° 70 
Fig. 2 


the reaction of a bicarbonate system is determined by the ratio of the 
concentration of CO, combined as bicarbonate to that of CO, physically 
dissolved, it follows that if the reaction remains constant over a certain 
range of CO, tension then over this range the concentration of bicarbon- 
ate must be increasing in the same ratio as that of the dissolved CO,, 
so that during this sudden increase of CO, combining power near the neutral 
point the extra CO, is taken up in the form of sodium bicarbonate, and does 
not combine directly with haemoglobin. The reason why one molecule of 
extra CO, corresponds with each molecule of hamoglobin seems to be 
that each hemoglobin molecule is parting with one atom of available 
sodium for the formation of bicarbonate. It should be noted that this 


region of constant pn is still on the alkaline side of the isoelectric point 
of hemoglobin. 


Owing then to this property of hemoglobin the Pu of the liquid 


remains constant between certain limits of CO, tension: i. e. it is a perfect 
„buffer towards CO, between these limits, which, it seems, may be 
not altogether outside those occurring normally in the body for Milroy? 


has shown that the contents of red corpuscles are ee neutral in 


reaction. 
1 This Journ. 51. p. 259. 1917. 
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Neutral formol as a fixative for mucous membranes. By 
X. K. S. Lm, 


Formol, made from commereial formaldehyde, is almost invariably 
acid in reaction, from the presence of formic acid. With most tissues, 
the acid impurity is of no consequence. In the case of mucous mem- 
branes bearing goblet cells, however, the acid formol causes a discharge 
of the mucinogen (see Fig. a), and thus alters the histological appearance, 
This effect is apparently due to the acid alone, since a neutral formol 
solution preserves the granules intact (Fig. b). It thus appears that 
formaldehyde does not fix the goblet cells rapidly enough to prevent the 
action of acid on mucinogen. A 20 per cent. formol neutralized by 
caustic soda, has been found to be the most satisfactory, and has been 
successfully employed in the fixation of all parts of the intestine. 
Tissues thus fixed, stain readily with hematoxylin and with any of the 
aniline dyes. 

The accompanying figures are photographs of two sections, the one 
(a) prepared by acid formol, and the other (b) by neutral formol fixation. 
They represent the two halves of a segment of the same intestine (cat). 
Both sections were stained by alcoholic eosin and methylene blue. 
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The physiological cost of Printer’s work measured by CO, and 
expressed in calories. By A. D. Watizr and G. Dz Decker. 


Dr Benjamin Moore has procured for us the opportunity of taking 
hourly observations on Printers at The Times Office and at the Workshops 
of the “ Printers’ Cooperative Society,” where we have enjoyed every 
facility for our work and the most encouraging interest therein on the 
part of all concerned, and especially of the workmen and workwomen 
who volunteered as subjects during their normal work. We wish to 
thank all concerned in the proceedings and on our own behalf to express 
our belief that these have caused no sensible interruption of the intensive 
work generally required in a busy printing office. Space does not 
permit of our describing in detail the nature of the various kinds of 
printing work going on during our observations in “compositor’s room,” 
“machine room” ‘and “foundry.” We limit ourselves at present to the 


statement that while the work was paid for by time, its nature was = 
such as to cause the effort to be fully sustained. The tables herewith 
Cooperative Printing Society. Men. Day work; 8 a.m. to 6 P.M. . 4 
one hour or dinner). f 
Grom Resting Net * of 
Tu. Nov. 2 H. F. W. 50 63 168 170 9 1055 506 549 610 35-9 th 
* * 950 * 444 493 29°0 
C0 57 67 1-78 1-83 9 1077 3583 494 49 30˙0 
Fr. „ 2 » 2 2 2 2 10% 1654 648 1006 1006 88·0 ca 
Tu. „ 2% H. F. C. 81 72 #42178 10 £49 570 418 452 650-2 264 
Fr. „ = ” ” * ” 5 ” 960 ” 542 60-2 31°7 ca 
Tu. „ 2 G. 8. 51 99 1-69 2-08 6 1412 583 829 921 443 
Fr. ” 28 ” * ” ” ” ” 1340 ” 757 84-1 40°4 | 
Mean =35"4+ 1-67 
* One hour “overtime.” su 
Cooperative Printing Society. Women. Day work; 8 A. M. to 6 P. Mu. | N 
Surface Hours Gross Resting Net cost per per m 
W 
Nor. 25 Miss L. B. 25 52 162 147 9 985 407 528 68:7 40˙0 fe 
” ” ” ” ” — — 30-5 207 
” ” ” ” ” 44-0 30°0 
„ 25 Mis H R k. 44 157 140 9 1017 360 657 730 524 
” — . ” ” ” ” ” 708 9 430 478 Wi vu 
* ” » ” ” 845 ” 485 53-9 38°5 Tt 
Mean = 35:9 + 2°65 
t Stop work for 2} hours by reason of illness. . hi 
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give in briefest possible summary the results of our observations at the 
Printers’ Society. The results obtained at Printing House Square are 
given in the next communication. | 

The result of these observations is in our view, somewhat remark- 
able, The average gross cost of the day’s work (9 hours) comes out as 
1125 kals for Men (mean of 12 days’ observation) and 855 kals for 
Women (mean of 5 days). But expressed in kals per unit of body- 
surface the values come out substantially the same—35-4 and 35-9— 
i. s. the additional expenditure entailed by the work is approximately 
equal to the resting or basal cost. N.B. This cost was in each case 
calculated from the lowest initial CO, reading taken after 5 minutes’ 
rest just before work. As will be shown in our full report it came out 
at between 30 and 40 kals per square metre per hour. 


The physiological cost of work in various departments of 


“The Times” Printing House. By A. D. Water and G. Dr 
DECKER. 


The following summary is the result of a systematic series of hourly 
readings of the CO, expired by operatives in the several departments 


of The Times Printing House during normal (night) work. It comprises 


65 complete observations, from which we have calculated for each of 
the six groups concerned: — 4. The total energy-discharge (gross) per 
man during the night’s work of (usually) 73 hours. B. The mean energy- 
output per hour per square metre of body-surface. In making these 
calculations we have taken 1 c.c. CO, = 5-551 calories. The net values 
have been obtained by subtracting from gross cost per hour (a) the 
calorific: value of the CO, observed at rest immediately before work, 
(6) by subtracting from gross cost an average basal value = 2 c.c. CO, 
per sec. per sq. metre, or 40 kalories per hour per sq. metre. The body- 
surface was calculated from body-weight and height by Dubois’ formula. 
None of our CO, readings has been omitted in the calculation of the 
arithmetic means given below. The detailed figures have proved re- 
markably uniform as, we hope, will be shown by their publication in the 
Proceedings of the Royal Society. Meanwhile we think useful to give at 
once the general result of our observations. 

There is one point however that requires comment at this stage, 
viz. the remarkably low values observed in the Proof-Reading Room. 
Their mean value, 34-6 kals. per hour per square metre, is scarcely 
higher than the observed resting value 34-4, and actually lower than 
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PO YYW, Mi 


Graphic summary of average energy ture man per hour and per night at The 
Times Printing House, Ordinates 0.0. 8 80. per sec, Square centimetres of area 
are equivalent to 200 kals per sq. om. Total gross cost per night stated in kalories. 
The average net values per hour per sq. metre come out as follows : Composers 47 + 7. 
Casters 77 K 6. Imposers 82 4 4. 0. Founders 70 4 4. Machinists 58 + 8. 
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| Benedict’s average basal value 39-7. This corresponds with the fact 


that the work of proof-reading is wholly cerebral during almost complete 
muscular quiescence for an unbroken period of 7} hours. Our figures 
(which it would be desirable to control by further and closer observations) 
show cleatly that the CO, discharge cannot be utilised as a guide to the 
food requirements of all classes of workers; it indicates the cost of 
muscular work alone. We do not ‘at Present possess any certain know- 
ledge of the cost of cerebral work. The case of the proof-reader affords 
the clearest possible evidence that such work does not involve any 
sensible oxidation of carbon. 
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Nutrition of the protozoa. The growth of paramecium in 
sterile culture medium. By R. A. Perens. (Preliminary 
Communication.) 


As a preliminary step to the study of the metabolism and reactions 
of paramoscia in solutions of known chemical composition, sterile 
cultures were needed. So far as can be ascertained, cultures of para- 
moecia have not been obtained up to the present in sterile media’. 
Hargitt and Fry“ have shown that paramecia may be freed from 
bacteria successfully and then grown upon media with a known bacterial 
flora—but this introduces the bacterial element, which is not wanted 
in an exact study. 

Culture of a race of paramoœcia 3 50h in length isolated from a 
single individual, have been obtained upon the following medium, the 
cultures being considered sterile for the reasons given below. 


Sodium chloride 0-06 % Glucose 0-03 % 
Potassium chloride 0-0014 % Histidine 0-01 % 
Calcium chloride 0-0012 % Arginine 001 % 
Basic sodium phosphate (Na,HPO,) 0-0001 % Leucine 0-01 % 
Acid potassium phosphate (KH, PO,) 0-0001 % Ammonium lactate 0-003 % 
Magnesium sulphate 90001 % Ferric chloride Trace 
Sodium bicarbonate 0-002 9% Potassium iodide Trace 
Phenol red Trace Manganous chloride Trace 


The substances are made up with glass distilled water. The con- 
stituents are autoclaved separately, and the final mixture sterilised by 
- heating to 80° C. on three successive days. The reaction is adjusted to 


N 
Pq = 7-4 + 0-4 with NaOH 106 


Lund refers to some experiments upon feeding paramecia with yeast extract in 
progress in his laboratory. The author does not know of any publication of them. Am. 
Journ. Phys. #1. 167. 1918. 

* Hargittand Fry. J. En. Zool. 22. 421. 1917. 
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The details of isolation were essentially the same in the early stages 
as those of Hargitt and Fry. The organisms were cultivated first in 
sterile media in depression slides, experiment showing the most suitable 
concentration for division. The first divisjons were apt to be slow. 
After a number of individuals have been obtained in this way, they are 
subcultured in test tubes using all sterile precautions, and when a 
satisfactory test tube culture has been obtained, it can be used for 
culture purposes as required. A culture has now been kept going by 
weekly subculture upon this medium for three months. (Temperature 
from 15—20° C.) 

From successful cultures grown in this way with the paramecium 
in question, it was impossible to obtain any bacterial growth (or other 
growth) by sowing a drop of the paramecial culture with a platinum 
loop, either upon (1) Nutrient broth, (2) Nutrient agar, (3) Glucose agar 
(answrobic) and (4) Litmus milk at room temperature or at 36°C. It 
was also not possible to obtain a growth upon the medium itself stiffened 
with a trace of agar. Examination of a growing culture under the 
m dil immersion lens however showed the presence of peculiar rod 
shaped bodies. These were about 10 long and 2 broad. They were 
motile, but appeared as a rule to be anchored at one end to the slide. 
They were never observed to divide. After a varying time they would 
cease to move in the moist drop preparation. When stained they were 
found to lie in rows, varying in shape from curved to straight. The 
absence of any sign of parasite or symbiotic organism in the paramecium 
and the general resemblance of these bodies to split off cilia has led to 
the belief that the cultures in question really contain no other organism 
than the paramecium. 

Experiments are in progress in which the effect of varying individual 
constituents of the culture medium have been tried. As far as they have 
gone, they indicate that when single amino acids are supplied, histidine, 
arginine, leucine give a much more rapid growth than tryptophane. Also 
that galactose and fructose, but not maltose, can be substituted for 
glucose. It is hoped that the study of the effects of a varying medium 
will soon be complete. | 


(I am indebted to H. Mowll for his valuable assistance in these 


experiments.) 
The expenses of this research have been defrayed by a grant from 
the Government Grant Committee, Royal Society. 
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Reaction changes in the blood during muscular work. By 
T. R. Parsons, W. Parsons and J. Barororr. 


The respiration experiment on Barcroft which was reported at the 
meeting on Feb. 21st furnished an opportunity for comparing the changes 

in the reaction of his blood produced by a known amount of muscular 
work carried out under normal conditions, i. e. before exposure to the 
low oxygen tension, with the change which occurred during the exercise 
experiment performed at the end of his stay in the respiration chamber 
and while he was still breathing a mixture in which the oxygen tension 
was about 88 mm. Hg. 

In the “normal” experiment samples of alveolar air were taken by 
both Haldane’s and Krogh’s methods, the total lung ventilation was 
measured by collecting a two-minute sample of the expired air, and 
the blood for the pn measurements was collected from the finger. The 
subject then worked on a Martin bicycle ergometer at a uniform rate 
of 4600 ft. Ibs. per min. for 36 minutes during whigh period six half- 
minute samples of expired air were collected. During the last minutes 
of work further samples of alveolar air and of finger blood were taken. 
The following data were obtained: : 


Alveolar tension Total lung 
of Blood (litres per min. 
per 
Haldane's alveolar temp. 
Resting 35-6 36-9 36-2 a 8-15 
After work 40˙3 39-7 40-0 7-35 . 202. 


Under the anoxsmic conditions the experiment was carried out in a 
‘similar way: in this case, however, the blood was collected from the 
radial artery and work was done at the rate of only 2700 ft. Ibs. per min. 
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for 30 minutes. During the work four half-minute samples of 3 
air were collected. The results obtained were: 


Alveolar tension Total lung 
„ Pu of blood (eres min. 
Haldane’s — ‘ atalveolar at temp. 
method Mean CO, tension and pressure) 
— 27˙5 27-5 7.44, 6-1 
After work 32-9 34:8 33-8 7:36, 32-5 


In all cases the pq measurements were made on the defibrinated blood 
in a completely reduced condition at one or more tensions of CO, as 
nearly as possible equal to the alveolar tension, the exact reaction in 
the body being obtained by interpolation or a small extrapolation. 

A comparison of these results shows that after exposure to the low 
oxygen tension the subject’s blood was less. alkaline at any given CO, 
tension than his normal blood, but that this acidosis was fully com- 
pensated by the reduction of the alveolar CO, tension. The increase 
of total lung ventilation resulting from the muscular work under the 
normal conditions was 21-05 litres and the accompanying decrease in 
the py of the blood was -08. The performance of only about one-half 
as much work under anoxemic conditions produced an equal decrease 
of py and an increase of ventilation of 26-4 litres. These data indicate 
a sensitiveness of the respiratory centre to changes in blood reaction 
which amounts to about half that deduced by Campbell, Douglas 
and Hobson (Journ. Physiol. 48, p. 303. 1914). 


apparatus. By H. S. Rarer. 


The valves usually supplied with the Douglas Respiration Apparatus 
consist of circular discs of rubber sheeting seated on a perforated metal 
plate and fixed to the same by a metal pin in the centre. In working 
with the Douglas Apparatus certain. defects in these valves and other 
parts of the valve holder have been noted, which seemed capable of 
improvement. They are briefly: 

(1) The metal structure 8 the valves is too heavy for con- 
venience in working. 

(2) The valves are not tight when the breathing is quiet. This 
defect, it is true, can be overcome by wetting the valves, but they then 
open and close with a perceptible click which attracts the attention of 
the subject of the experiment, and further, a ) definite small effort is 
required to — them. 
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(3) 
oleaning or disinfection. 

(4) The mouthpiece is not suitable for sterilisation, a very desirable 
procedure when the apparatus has to be used for experiments on different 
individuals such as hospital patients. 

Some time ago, Professor Cathcart asked me if I could devise an 
improved valve attachment which would be lighter and more compact 
than the one commonly used. A smaller form was built up out of tin 
plate and a box respirator mouthpiece and a special flat form of rubber 
valve which was in use in the Anti-Gas Department, was used to replace 
the simple disc valve. This form of valve consists of two square sheets 
of rubber sheeting cemented at the corners in the manner shown in the 
diagram. The lower sheet has a circular hole in the middle and to this 
a rubber collar is fixed. 


A Valve fro Above 
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This apparatus overcame some of the difficulties enumerated above 
but it still had certain defects. Messrs Siebe, Gorman and Co. have now 
made for me a better form which overcomes most of the disadvantages 
of the earlier apparatus. A diagram of this is appended. It weighs 
120 grams as against 285 grams, the weight of the original valve holder. 
The valves can be removed for cleaning and replacement. The apparatus 
can be sterilised and also the mouthpiece. With high pulmonary venti- 
lation there is only slight resistance to breathing. It is found convenient 
for class purposes to have a small side tube fixed to the mouthpiece 
holder, which connected with a tambour and writing lever may be used 
to record the rate of respiration. 
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